THE EFFECTS OF UNIALGAL. AND EACTERIA-FREE“CUIEURES OF GYMNODINIUM

BREVIS ON FISH AND NOTES ON RELATED STUDIES WITH BACTERIA
By

S. M. Ray and William B. Wilson

Fishery Research Biﬁlmgists _



ABSTRACT

This investigation was conducted to determine the effects of
Gymnodinium brevis Davis, a naked dinoflagellate definitely assoclated
with the sporadic mass mortality of marine animals in the Gulf of
Mexico, on fish under conirolled conditions. A series of experiments,
seven with uniaslgal cultures and two with bacteria-free cultures,
demonstrated the toxicity of this organism to slx species of fish.
Bacteria~free cultures were Just as toxlic as unlalgal cuttures. The
cultures employed contained 0.6 to 4.8 million G. brevis per liter.
Apparently the test fish were differentially sensitive to G. brevis
cultures, In order of decreasing sensitivity, the test {ish were:

Membras vagrans, Mugil cephalus, Funduluys grandis, Mollienisia

latipinna, Fundulus gimilig, and Cyprinodon variegatus. The lethallty
of bacteria~free G. brevis culiures to fish clearly indicates that

this dinoflagellate is the direct cause of the mass fish mortalities
with which its "blooms" are associated.

Toxicity of G. brevis cultures dogs not depend on the presence
of living organismg. The more toxic portion of the cultures passes
through & millipore membrane whereas 1t is retained by filter paper,
in scme experiments such possible lethal factors as oxygen deficiency,
suffocation due to clogging of gills with masses of organisms, and
bacterial growth were eliminated thereby'establishing that G. brevig

produces a toxic substance(s).

Two chromogenic marine bacteria, Flavobacterium pisecicida Bein
and an unidentified red-pigment-producing form, from the weat coast
of Florida were tested for toxicity to fish, The results of these

tests are discussed,
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THE EFFECTS OF UNTALGAL AND BACTERIA~FREE CULTURES OF GYMNODINIUM
BREVIS ON FISH AND NOTES ON RELATED STUDIES WITH BACTERIA

By
S, M. Ray and Willlam B. Wilson

INTRODUCTION

The assoclation of the dinoflagellate Gymnodinium brevis
DPavis with the mass mortality of marine animals occurring sporadi-
cally in the Gulf of Mexico is well established (Davis, 1948;
Galtsoff, 1948 and 1949; Qunter et al,, 1948; Wilson and Ray,

1956; Woodeock, 1948, et al.). Indirect evidence presented in
these papers strongly supports the contention that G. brevis

1s the cause of fish kills, commonly referred to as red tidesi{
when its concentration reaches the order of hundreds of thousands
to millions of organiems per liter—~concentrations as high as

50 to 60 million organisms per liter have been reported, This
evidence includes (1) the presence of dead or dying fish in water
containing such concentrations of G. brevis, (2) laboratory demon~
gtration that water containing great numbers of G. brevig is toxic
to figh, and (3) demonstration that substances toxic to fish may
be extracted from water infested with G. brevis. Further evidence
of a more direct nature is provided by the demonstration that
unialgal cultures of (. brevis are toxlic to fish (Wilson and Col-
1151‘, 1955)- '

The development of stock unialgal cultures of G, brevis
opened the way for the elucldation of this organism's role in the
mess mortality of marine animals by making available an abundant
supply of material for controlled experiments. Previous to this

'ﬁ;*;;fﬁéi development Investlgators were handicapped since the suspected

causative agent was unavailable for study except during outbreaks.
Even then, theilr material was limited to raw samples from the |

1/ The term "red tide" is generally applied to diseolored sea water

.. regardless of elther causes or consequences, i.e., the causes

.- 0f the discolorations may vary from "blooms" of many different

s.: Rleroorganisms to nonliving agents such as iron compounds; and

iss. - the mortality of animals, especially fish, may or may not be as-
x"  soclated with such discolorations. To avold confusion we believe

it best to refrain from using this popular, though, nonspecific

e term in selentific publications. If a popular neme is used, we

5.~ Propose that the name "brevis red tide" be applied to the mass

§:: MOrtality of marine organisms associated with Gymodinium brevis.
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infested waters which contained numerous other organisms, In addi-
tion, raw samples were probably held under conditions unsuitable

for the csurvival of G. brevis.

The next approach to this problem was to obtaln hacterlia-
free or pure cultures of G. brevis. This 1solation is necessary
o determine whether a cause and effect relastlionship exists between
C. brevis and the catastrophic fish kills. Furthermore, studies
of such problems as the nutritional requirements of G. brevis,
nature of the toxic substance, role of associated organisms, and
e{fucts of physical and chemical factors may be facilitated
with the use of bacteria-free cultures since the uncertainty re-

garding the effects of associated bacteria would be eliminated,

The laboratory studies mentioned above, in coordination with
field studies, will provide a better understanding of why these
mass mortalities oceur, Such knowledge will be helpful in predieting
when and where outhbreaks may be expected and in determining the
feagibility of control measures. = i -

We repmrtg/herein the resulta of studies on the effects of
unialgal and bacteris-free cultures of G. brevis on fish as well
as the effects of some bacteria isolated from unislpal cultures
of this organism and from waters off the west coast of southern
Florida. Baged upon the regulte of studies with bacteria-free
cultures, we conclude that G. brevis produces the toxic substance(s)
respongible for the mass mortality of marine animals asgsociated
with "bhlooms" of this organism in the Gulf of Mexico,

PROCEDURES FOR TESTING STERILITY AND ENUMERATING ORGANISMS

Bacteria-free cultures were grown in the same medium prescribed
by Wilscn and Collier (1955) and have been carried through several
subeultures, After 10 months they have shown no apparent diminutlon
in vigor. GSeveral media were used to establish sterility. All
G. brevis cultures originated from a culture obtained from a sample
collected in a "bloom"™ whieh occurred near the coast of Florida
in September, 1953. The details of procedures for culturing G. brevis,

and methods used for obtaining bacteria-free cultures will be presented

in another paper.
Sterilty Testing Medis

Cultures of G, brevis used for transferring were tested for
sterility in media prepared according to Spencer (1952): (1) pep-
tone sea water (0.5%, bacto-peptone, 0,01%, FePD4 dissolved in

2/ We ere indebted to Mr. K. T, Mﬂrvin;iurs.'Alice Kitchel, and Miss
Jean Gates for assistance In performing the experiments reported

herein and Messrs. E. A. Arnold and R, S. Wheeler for ldentifying
the test fish, |
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75% aged sea water) and (2) peptone sea water agar (peptone sea
water plus 1.5% bacto-agar). These media sg well as zll other
gterility testing media subsequently deseribed were dispenscd in
serew-0ap tubes and autoclaved at 121° ¢. for 15 minutes.

We frequently used four other media similar tc those employed
by Droop (1954} for routine sterility testing. These media
included: (1) distilled water liquid, (2) distilled water agar,
(3) sea water liquid, and {4) sea water agar. Our media contained
the following substances: O0.5% dextrose, 0.1% Difco ncopeptone,
0.4% bacto-beef extract, 0.5% bacto-yeast extract, 0.015% sodium
acetate (NaCpH30p.3Hp0), and soil extract (2.0 mi/100 ml). These
substances (dextrose was often excluded) with and without :.bacto-
agar (1.5%) were dissolved in both distilled water and 75% aged
sca water to give the four combinations mentioned above., Droop
(1954) listed the substances but not the quantities used. A personal
communication (1956), however, revealed that his formulaz contained
the organic substances in concentrations which were roughly 10
to 15 times less than the quantities given above. Furthermore,
he included bacto-tryptone, which was not listed in his paper
whereas we uged Difco neopeptone.  Subsequent to the completion of
the present studies, the absence of bacteria from several (. brevis
cultures was confirmed with media of Droop's formulation and also
with these media diluted to 10 percent.

Other medis used to supplement the routine tests included:
(1) the sterility-test medium used by Sweeney (1954) containing
0.05% bacto-peptone, 0.0136% sodium acetate (HanH302.3H20),
0.0202% KNO3, 0.00356% KoHPO,, 0.00016% FeClj.6Hp0, and 0.000012%
MnCls.6H,0 digsolved in 75% aged sea water with and without bacto-
agar (1,5%4); (2) Spencer's peptone see water media supplemented
with 0.1% bacto-yeast extract as employed in medium 2116E (Morita
and ZoBell, 1955); (3) semisclid medium composed of 0.075% trypti-

. case {Baltimore Biological Laboratory), 0.075% bacto-peptone,

0.075% bacto-yeast extract, 0.01% sodium acetate (NaC2H302.3H20),
and 0.2% Difco special (Noble) agar dissolved in aged sea water;

(4) one percent bacto-peptone in aged sea water with and without

bacto-agar (1.5%), the medium used by Bein (1954) to isolate and
cultivate certain chromogenic bacteria found in Florida waters;

and (5) Spencer's (1952) casein sea water agar composed of 0.05%
bacto-peptone, 0.05% bacto-isoelectric cagein, 0.05% soluble starch,
0.1% (v/v) glycerol, 0.02% KoHPO, , and 1.5% bacto-agar dissclved

:_- " in 75% sea water.

Sterility tests for anaerobic bacteria were condueted occasionally
with three different media: (1) bacto-fluid thioglycollate medium
rehydrated with both distilled water and 75% aged sea water;

(2) the general anaerobic medium {slightly modified) used for marine

;Ti g abacteria by Morita and ZoBell (1955) containing 0.5% bacto-peptone,



0.1% bacto-yeast extract, 0,01% FEPOé, 0.1% sodium formaldehyde-
sulphoxylate, and 0,0001% resazurin tssolved in 75% dged sea

witer with and without bacto-agar (1.5%); and (3) an anagrﬂbiq
medium prepared by adding 0.01% sodium thiﬂglyﬂﬂllate to the cod
semisolid medium described in the previous paragrgph, The nmel 3di
general anaerobic agar medlum was cooled teo 40-42° anrigr”tq a _ng
the test culture which was mixed by swirling the tube-befnre @ge
agar solidified, After adding the test culture, sterile me%ﬁé
tyaspar® {50% vaseline and 50% paraffin) was poured into eac X

. tube of anaercbic medium, except fluid thinglycn}late.mgdlum{ e

exclude OXxXygen.

Inocnlation and Incuhatian'Prncedures

11 gteril ity tests, unless otherwige indicated, were made o
with'%.é ml of fﬁst‘eul%ure in 10.0 ml1 of medium. The agar gedia -
were inoculated in the following ways: (1) pour-plate---mixing
test culture in a sterile Petri dish with melted med;um.caﬂleﬁ to
40-420 ¢., (2) streak-plate---streaking 0.1 ml of test eultgrgfgn_

g freshly prepared plate, (3) atab Gulturef——placing 0.1 m.)n + +the
test culture into medium in screw-cap tubesg (20 mm x 125 mm ai
stabbing an inoculating needle to the bottom, and (4) s%ant_cu.— .
tures-—-placing the test culture on . freshly slanted mﬁdluT in Ezine
cap tubes. Slant cultures were generally'pre?ared for most rﬂuf
tests. The agar plates were sealed with masking tape tm'pre?en
desication and mold contamination while incubating. Semisolid
medium was inoculated by stabbing to the bottom with a.micrn-tt |

pipette and then gradually releasing ithe inpqulum as the pipette
was slowly withdrawm. o

We incubated the sterility-test cultures in the dark at
28.200 C,for a minimum of 6 weeks before discarding them as
sterile. This temperature level was selected since some of the
bacteria 1solated from the unialgal nulturas pf‘g._brevia_appear_

to grow.more glowly at 24-25° C.

On one occasion the sterility of several culitures was testgd- |
in duplieate'in various liquid and agar medlaj the four methmdg |
for inoculating agar cultures were uged. One set was incgbate o

with 11lumination (175+300 ft-ca.) and temperature (24-25° CJ
the same as used for G, brevis cultures; the other set was incu-
bated in the dark at 28-300 C. .After 6 weeks none of the cultures
showed elther visible colonies or cloudiness of any sort except an

occasional mold or bacterial colony on the Eurfaqe‘uf_g few_at;eak-
and pour-plates, .

We attribute the occasional appearance. of mold or hacteria11 :

colonies in our test cultures, especially on the surface at'thi .
periphery of streak- and pour-plates, %0 contamination while the

A
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plates were exposed by necessary manipulations. The position

of the colonies as well as the appearsnce of similar colonies on
gome control plates (uninoculated agar plates), which were treated
in the same manner as the test cultures, supports this conelusion.
We rarely encountered accidenial contamination of sterility-test
culture contained in screw-cap tubes.

Miscellaneous Checks for Stefility

¢ We consider that the medium used for culturing §. brevis

‘ is unlikely to be suiltable for the growth of photosynthetic bacteria.
Nevertheless, a few cultures were checked for such organisms.

The checks were made with a medium developed by Dr. T. J. Starr

of this laboratory for the isclation of marine non-suifur purple
bacteria, This medium 1s composed of: 0.2% sodium acetate
(NaCpH305.3H50), 0.05% NeosSO3.7H,0, 0.01% MgS0,.7H,0, 0.05% KoHPO, ,
U.l%%Nﬁ4§ESO-, 0,0001%: Fe 13.6H2 s 2.5% NaCl, 6.01 bacto-yeast '
extract ', 0,01% sodium thioglycollate, and 1,5% Difco special
(Noble) agar dissolved in double distilled water. Just before
inoculatdan the medium was melted, and sterile NaHGOB solution

was added aseptically to each tube to give a 0.1% contentration

and a final pH of 8.0. This medium was inoculated and treated

in the same mwanner as previously deseribed for the general ansercbie
medium. These sterility-test cultures, which were incubated under
the same light and temperature econditions used for G. brevis,

showed no evidence of growth after 6 weeks, .

Phase-contrast microscopic examination (970X) of wet prepara-
tions of a few ., brevis cultures which were determined to be pure
by cultural methods did not reveal any contaminating organisms,
These examinations, conducted several months after the initisl
establishment of bacteria-free cultures, were performed to check
for possible contaminantg which may have maintained themselves |
in G, brevis culture medium after repeated subculturing, and yet

:_;ff£L _ not have grown in any of the sterility-test wedia employed.

EL o Procedure for Enumerating Bacteria

~Aerobic bacterial counts presented in the experiments to follow
were estimated by plating serial dilutions of the test sample,
The dilution water blanks {75% aged sea water) digpensed in 9-ml
amounts in serew-cap tubes were autoclaved at 1217 -C. for 15 minutes.
Serial dilutioms of 1:10; 1:100:; 1:1,000; 1:10,000; and 1:100,000
were prepared of each sample to be counted, One ml of each dilution
and 10.0 ml of melted Spencer agar, cooled to 40—423 C., were mixed

"J;?ié..in & sterile Petri dish by gentle swirling before the agar hardened.

;H“L' Because of the possibility of low counts a plate was also prepared
“ with 1,0 ml of undiluted sample. After the agar hardened, the
Plates were sealed with masking tape and incubated in an inverted

=.3fliffi ‘position for 4 to 7 days at 28-30° C. Colonies were enumerated
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with the aid of a Quebec colony counter, Plates with either more . |
than 300 or less than 30 colonies were not used in quantitative
estimates except in a very few instances, The exceptions were in
cases where either the most dilute plates contained more than 300
colonies or the undiluted plate contained less than 30 coloniles.

The bacterial counts most 1likely represent minimal concen-
trations because nutritional and environmental requirements of
an entire bacterial population cannot be satisfied with any
one medium or with a single set of incubation conditions. We made
no attempt to enumerate anaercbie bacteria, All colonies except
those with the typical appearance of molds were ccunted, therefore, .
any microorganisms prcducing bacteria-like colonies were included |

in the counts.

Since we could not prepare pour-plates of all water samples
immediately after collecting them, another possible source of ervror
in the counts should be consldered. Both guantitative and qualit&tive
changes in the bacterial population may have occurred before some =
of the samples were plated, particularly those plated several hours .
or eyven days after ecllection, Impediately after colleciion all
water samples were refrigerated (4 CJ) until shortly before preparlng
the plates. In most cases the storage period did not exceed 6
hours. However, this perlod varied considerably in some experiments,
especially those in which several samples were counted. Consequently,
we have recorded the extremes of the storage period for each

experiment. |
Procedure for Emumerating Dinoflapgellates

The concentration of (. brevis and other dinoflagellates was
determined in two steps: (1) a preliminary counting of 1.C ml,
0.1 ml, and 0.0l ml aligquots from a sample mixed by gently swirling
the tube (vigorously shaking frequently causes many of the organisms
to cytolyse) to determine sample size best for counting, and (2)
counting 3 to 9 aliquots of the quantity selected in the first step.
The latter counts were averaged to obtain the G. brevis concentrations.
The counts probably represent minimal levels because ilie organism
tends to disintegrate when manipulated. Because of this tendency,
only one aliquot was withdrawn at a time and it was counted immedlately.
A wide field stereoscopie microscope: with a magnification Df 54)( TES
used in making the counts.

EXPERIMENTS WITH UNTALGAL CULTURES OF
CYMNODINIUM BREVIS AND OTHER DINOFLAGELLATES

of G. brevis and some other dinoflagellates were performed., All of
' these studies, even those which are preliminary such as experiments
1 through 3, are presented because the detalls and results vary

considerably in some cases. In some experiments only one test fish

6
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was used per container because either the available fish were too few
or the containers were too amall to accommodate more., Moreover,
duplicate containers were not always used because of limitations
imposed by Insufficient supply of either tezt fish or teat materials.
¥a have taken special care to record all experimental detalls, some
of which may be of no significance, since they may prove of value

to others in reviewing our work, -

Experiment 1. A Simple Test of the Toxicity of
- Gymmodinium brevis Cultures

This experiment was conducted to determine whether unialgal
G. brevis cultures would kill fish. We used a 33-week-old culture,
replenished with fresh medium three times weekly, containing 1.8
million organisms per liter. Sea water from a lagoon (&t the east
end of Galveston Island, Texes), the lmcality'whﬂre the test fish
vere collected, served as control material,  The test materials were
not aerated. One rough silverside Cmembras vagrans) 3% in. long and
cne sailfin molly (Mollienisia latipinna) 2% to 3 in. long was placed
in each of two l-liter beakers--one containing sea water, the other
g. brevis culture. The beakers were covered with polyethylene
sheeting. | |

The M. vagrans survived an13'4.ndnuias In the G. brevis culture
whereas this specleg survived 43 minutes in the sea water, The M.

latipinng died after 85 minutes exposure to the G. brevig culture
and the fiah in the sea water was alive when the experlmﬂnt Was

discontinued 4 days later, Although the lethality of (., brevis
cultures to fish is evident from these results, they'du not nec necessarily
prove that a toxic substance ig invnlved

Experimants £ and 3, Gumparisﬂn of Effects of gxggﬂdinium.brevis

&nd,ﬁxmgggigggg;spgggdena Cultures

The mere presence of numerous dinoflagellates may have been
responsible for the toxicity of the unialgal culture used in experiment
1. To test this possibility, fish were subjected to unialgal G. brevils
and G. splendens cultures in experiments 2 and 3. Experiment 2 was
conducted uynder the same conditions as experiment 1, A 4-week-old
unialgal culture of G..pbreyls and a 10-week-old unialgal culture of
G. splendens containing 2.1 and 2.8 million organisms per liter,

- ;';;;5 ifﬂpintlvely, were tested for toxieity to M. latipinna (2— to 3 in,
- :&;3 weekly during the incubation period. Sea water from which the test
g . Ilsh were taken was used as control,

Seven experiments testing the toxieity to fish of unialgal cultures

Both cultures were replenished with fresh medium three %imes

One fish was placed in each
The fish in the G. brevis culture died
In the G.splendens culture snd in sea water the

of three test materials.
after 47 minutes.

ffﬁiﬁiiv fish were alive at the close of the study 19 days later.

Experiment 3 duplicates experiment 2 in most respects except

}i ;ﬂ+p that the cultures were a week older. At this time there were 2.0
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| iter in the
1111ion G. bravis and 2.6 million G. splendens per 1
12ulturesf The M. latipinna (24 to 3 in long) lived only 68 minutes

nlendens
in ihe G. hrovis culture, but they were alive in the G. 8
uElturéﬁand sea water 3 éays later when the experiment was diacontinued,

*1+1¢ 1,~-Bacterial counts, at irregular intervals, of unialgal §. brevis culture,

companion . brevig-free culture, and replenishment medium from common -
regervoir .

B R R R

Incubation. . No. bacteria
. | S ' ' eriod er ml '
The excellent survival of the fish in,ﬁ,.ﬁElﬂEﬂEﬂﬁ.GUIturei in | : t:tle No. ?days) (m§1119n53 Remarks
contrast to the lethality of G.brevis cultures indicates that the 3 T . = 0. 000070 rr—————
1atter cultures contailned a toxie substance(s). Since the Eulturesﬁ. . ! wfalgel G. brevis) . . Medla cooled to room
of G. brevig were noi{ pure, the toxic substance could have been prodauce i 5 = e Shortly before 0. 600090 temperature after final
by G. brevis, the agsociated bacteria, or both. 3. vrevis-free bacteria)  inoculation | | heating before collecting
- | i . . - - | le; plates prepared
£ Unialpgal Gymnodinium brevig Cultures and - 3 | . sample; p prep
Experiment 4. Effezﬁs Eségciatgd EEE%Eriﬂl T ora ) § -lJﬁT?Girl uninoculated) . _ 551 _Bhortly thereafter, .
. - - Shortly after . Plates prepared shortl
A series of experiments (4, 5, 6, and 7) was designed mainlyltﬂ . ¥ 2 | | innciﬁatiﬂn 0,018 after cgllgcting .é d
determine whether G, brevis or iis agsnciated bacterial flora iE'If - . | . | | samples., I
responsible for the toxle effects of unialgal cultures tm_f%sh- ) 1 o I .
the bacteria prove non-toxic under the same cultural ca?dltlans,_one ; Y S— - - 037 _ e
could reasonably assume that G. brevis pr?duﬂeﬂ e Eubgtﬂzii- . - - . - . Samples refrigerated
Much of the value with regard tc the original purpose for con u? g 2 1 '0‘41 5 days before preparing
these experiments has been lost subsequent to the development o | : : lates.
mass bacteria-free cultures of g- bI‘_E}_F_i.E. :Bacteriﬂ_free Gult'l.II'EEd “‘ | | 0.0015 .
made it possible to demonstrate experimentally that G. m;_m_g E:;D uces — e 0.0015 : _ — >F _ .
a fish-killing substance., The detalls are presented later in this 1 | ) B o -Samples refrigerated
paper. - | - , - o 3 2 - o & .- 1.8 2 days before preparing
To obtain some of the test materials used in these EXPﬁIlmEHEE o f; 3 - | . 0.26 plates.
(4; 5, &, and 7), 20 liters of culture medium were PﬁEPﬂTEd: ?.11 iﬁ:f' | ¥ 1 ' - | >0 ' il o
of which were placed in each of two Pyrex bottles (zﬁhgallﬂn),hégzttle = - N Plates prepared 15 to
Pyrex bottle (5-gallon) received the remaining 10 Llters., Eii . 3 2 | - 14 | 1.8 . 20 minutes after
of medium was heated to 75° C.(5 to 6 hours heating require ﬂg%_. R S . | collecting samples,
three successive days to reduce the bacterial load, {ne of the ldf R 3 | . o 0.13 - o
gallon bottles (No. 1) was inoculated wi_th 10.0 ml of a 6—w§r]a-]i-0 o o 1 """‘—'“"—‘——;-——_ _ 1.2, — _
unislpal G. brevis culture with a bacterial count of 8,1.mi0 iﬁ E B | o e Samples  refrigerated
ml. The other 2%-gallon bottle (No, 2) was seeded with 10. :mﬁ o L 2 . 25 - 1.2 . 2 days before preparing
G. brevis-free inoculum in an attempt to culture the associated EREER o - o - . . plates. |
bacteria. This inoeulum, having a bacterial gﬂunt of 10.3 million S ~‘L—_ | 12 .2 -
per ml, was obtained by heating between 37-39% C, for iﬁiméﬁuteﬁ.ﬂ e 3 — 2 . : —_—
portion of the same culture usec} to inoculate bu‘btﬁ. . g :rrangé q - U/ The value of 12 million bacteria per ml for the regervoir appears to he excese
5.gallon bottle {No. 3) containing uninoculated medium wa ervolr oo 'S - elvely high when compared with the other counts obtained at either earlier or
<0 that bottles 1 and 2 could be replenighed from this rez chemical v vk later intervals. With the exception of the presently considered value, the
when culture materials were removed for toxlcity tests and L gt Mghest bacterial count obtained from the reservoir was 1.8 million per ml
analyses. | -

,ﬁéﬁ_,.;ii(Table 5, Experiment 7)
' o e '
Samples were taken from the three bottles at irregular intervals oo ligg - |

r

e

during the first 25 days of incubation to follow the baaperial gragthii?%?
The bacterial counts (Table 1) of samples taken at 1-, 4=, 1413 Eﬂd e
25-day intervals from the unialgal G. brevis culture (bottle . an A
the G. brevis-free bacterlal culture (bottle 2) were comparable . ﬁ%% £

excé5£ for the 4-day samples. The 4-day sample from the G. brevis 7y f#? we

g
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ulture

g cu.

culture had a bacterial count of 2.7 million.pér ml--sbout 50%

greater than that of the §. brevis-free bacterial culture, The
validity of some bacterial counts is questionable because of prolonged

refrigeration of samples before preparing the plates, They indicate,
however, the relative number of bacterias in the three bottles at the

various sampling intervals. Although bottles 1 and 2 apparently ’
were inoculated with the same bacterial flora,'we can only presume . .
that the floras subsequently developing in these botilies were N

qualitatively comparable.

.1},

...
e

. brevis o
brev

occasicnally

i il
——
i

gl

occagiona
to bacterial culture

Fresh medium add=d

Fregh mﬁdiuﬁ-added

Fresh mﬂdiﬁm added
- occasionally

Remarks
tc G

to G.

periment 4

US~—eX

Approximately 6 weeks after incoculating bottles 1 and 2, materials
from these bottles and the reservoir (bottle 3) in addition to an
11-month-0ld unialgal G. brevis culture and centrifuged sea water were
used to conduct experiment 4. One striped mullet (Mugil cephalug) 23
to 3 inches long was subjected to each of the five different nonaprated
test materials, 750 ml in l-1iter beakers. We observed the fisgh
c¢losely and recorded the time at which they began to show imbalance
("distress time") and the time at which they showed no visible opercular.
movement ("3eath time"), Bacterisl-count samples were obtained from
each container before the fish was added. These samples were

refrigerated 1 to 13 hours before plating.

presumed to contain the bacterinl

0.0070
6.0
1,2
(.080

10.2

No. bacteria per

ree gulture

0:58

+50
.2ﬁ15
7:35

brevig.f
0

lgal cultures on Mugil cephal

. none

The resulits (Table 2} of this 24-hour experiment show that the
fish in the two unialgsl G. brevis cultures died in 50 minutes and 2%
hours. Two of the three control fish survived considerably longer,
74 hours in the G. brevis-free bacterial culture and the entire test
period in the uninoculated culture medium, However, the fish in the
centrifuged sea water died after 58 minutes. The early death of this

control fish was perhaps due to injury.

Death timﬁaf

gns of imbalance,

0:50
0:05
0:15

. The bacterial count of 6.0 million per ml for the G. brevis cullure
{(bottle 1) In container 3 was five times greater than that for the
G. brevis-free bacterial culture (bottle 2) in container 4. Prior to "
this 6-week check the bacterisl counts of these two cultures were -
comparable {Table 1). The disparity in the bacterial counts for &
experiment 4 necegsitated additional studies in order to determine

the toxicity agent in unislgal G. brevisg cultures.

Experiment 5. The Effects of Unialgal Gymmodinium brevis
Cultures, the Associated Bacterial Flora, and Unialgal - *_;:

Prorocentrum sp. Culiures

In addition to testing the effects of G. brevis culture (bottle 1)} - |
and G. brevis-free bacterlal culture (bottle 2}, another dinof'lagellate, - 1
prorocentrum sp., was tested for toxieity to fish in the second experi- ': ?ﬁ;n;
ment of this series. This organism was isclated from the lagoon, B 2y
Galveston, Texas, The materials in bottles 1 and 2 were 3%'mﬂnths e
old at this time. Freshly collected sea water served as control.
The four different materials, 2 liters of each in A-liter beakers,

in)
HDIIE-E/:‘

H - - M . " --1-
el b I L ’

hr:min

Distress timel/
not known

—_—

-

L. brevis cultures and a .
th this organism in unia

brevis

container
ottle 1},

Mlepppyep—

culture, 0.8 million

fzhl-pulture

6-week-0ld medium from
reservoir (bottle 3)

0.6 million organisms
6-week-old G. brevis-

f'lors agsocliated wi
Material in
Centrifuged sea water
(Galveston beach)
ll-month-old G&. brevis
organisms per liter
6-week—old G.
per liter

culture (b
free bacte

(bottle 2)

1
2
3
4
2
None indicates that distress or death did not occur during the 24-hour test period

Time required for fish to show first si
Time of cessation of opercular movement

10 -

Table 2.--Effects of unialgal

Container
No

1/
2/

~

11




were tested in duplicate for tﬁx;city to Mugll cephalus (2% in. long).
One fish was tested in each container without aeration. Samples were

collected from each container for bacterial counts before the f%sh |
was added. Thege samples were plated after 1% to 5 hours :efrlgeratian.

e sume4

The test fish subjected to the G. brevis culture died within an |
hour (29 and 47 minutes) whereas the figh in the other test materials
1ived a minimum of 8-1/3 hours to a maximum of 24 hours-~the duration
of the experiment (Table 3). The bacterial counts of both the G. brevis
culture (bottle 1) and the G. brevis-free bacterial culture (bottle 2)
had decreased since experiment 4 wag conducted. Just ag in experiment 4,

however, the G, brevis culture had & much higher count--2,9 to 3.4
million bacteria per ml' in contrast to 0.20 to 0.23 million per ml for

the G. brevis-free culture,

vis=-Crees cyiture

L%

ard a .

One of the containers of G. brevis culture (6) used in experiment 5 -
was employed in a supplementary gtudy to determine whether adding several ;
fish to the same culture would affect its toxieity. Another phage .of
thls study was to check the response of fish transferred to gea water
after being subjected to G. brevis eulture. Immediately after the fish
in container 6 died (29 minutes ‘after beginning experiment 5} it was
removed and the first of five additional M. cephalus were placed in this
container. This fish succumbed after 21 minutes exposure.  Afler
removing the dead fish, the second one was allowed to remain in
container 6 for ‘15 minutes. It was then transferred to sea water
(container 1) where it died 12 minutes later. Fifteen-minute and
7.minute exposures, respectively, in container 6, were required to
ki1l the third and fourth fish. FEach fisgh was removed from the container
after it dled. After 3 minutes' exposure in container 6, the fifth one
was removed to container 1 where it survived for 2-3/4 hours. -

his organism in unialgal cultureg on Mugdl

R
oroccntah ap,

. .- - . . -
- T g S TR Ry
= P R b Y oy RN

Experiments 4 and 5 (TﬂblEEIE and 3) were inadequately'cantrmlledij?:Efi::
with regard to quantities of bacteria. Experiment 6 was performed in . - . '@
an attempt to correct this shortcoming .. :

Experiment 6,. Comparison of Toxiclty of Unialgal Cultures of
odinium brevis and Prorocentrum sp., and Effects of
| ‘Heating and Filtration on Toxiclty

Besides;aftempting to asdértain the source of the toxic Eubstanceg;gif?{@
in unialgal G. brevis cultures, this experiment included s gtudy of R
the effects of heating and filtration on the toxicity of -guch cultures.;;ﬁ?

One month primf to conducting experiment 6, the remaining portion éih'
of the G. brevis-free bacterial culture (bottle 2) received an 1HGCUl“m'f§1
of unialgal Prorocentrum sp., which had proved nontoxic to M. cephalush;f

in experiment 5 (Table 3).. This step was tsken in an attempt o i
inereace the bacterial concentration in bottle 2 to a level comparable %

to that in the G. brevig culture {bottle 1). Centrifuged sea water

- to oontain the bacterial flora agsoccisted with +
cephalug-~experiment 5

i
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‘i rhh1i J.~=Effeots of unialgal cultures of G. brevipg arnd

cccasicnally
vig culture

occasiconally

Fresh medium sdded to

G. bre

Prorocentrum culture

bacterial culture
occasionally

Remarks
_FrESh nedium added to

Fresh medium added to

0.0025
0.0030
' 0.59
0.46
2.9
3.4
0.20
0.23

ml {milliong)

Nc. bacteria per

047
0:29

Death timel/
8:20

__(hr:min)

Between 10 and

22 hours
Between 10 and

- 22 hours

Between 10 and

Between 10 and
22 hours

22 hours

nmneg/

il

culture (bottle 1), 1.9
million organisms per

1liter

free bacteriai'culture

(bottle 2)

sp._culture,—b.ﬁ million

in container
organisms per liter

f opercular movement.

Freshly collected gea
water (Qalveston beach)
Same as container 1
J=-month-old Prorocentrum
Same aslcnntainer 3
3%hmmnth-old G. brevis
Same as container 5
3i-month-o0ld G. brevig-
Same as container 7

Mat.erial

8
None indicates that death did not cccur during the 24~hour test perimd.

No.
1/ Time of cessation o

Container

2/



Prorp-
onally

eonirur culture cceasi

was used in addition to these two bottles of material, which were
.+ months old at this time, These three materials were tested in
duplicate (containers 1 through 6). The test materials in all of
these containers, excepi one of sea water (2), were sampled for
bacterial counts just before the fish were added. These samples |
were refrigerated 20 minutes to 24 hours before pouring the plates.

_Rreyds culture occasionslly

1ture occasicnally,

ltrate refrigersted 2 davs

Remerks

b

 Five containers of the test material (containers 7 through 11)
were used to test the effects of heating and filtration on the
toxicity of unialgal G. brevis cultures. Bacterial counis were not
made for these materials becsuse such information was not needed.

A filtrete which was prepared by passing G. brevis culture through
filter paper (Whatman No. 42), was tested in duplicate. A gingle
container of another test material consisted of the residues retained
by the two filter paper discs eluted in 2 liters of sea water. Two
1iters of G. brevis culture were passed through each disc. Qther
test materials included single containers of G. brevis cultures

which had been heated to 35 and 45° C.

Fresh medium added to G.
Fresh medium added to

Fi

. Fresh medium added to 4. -
. brevis m

» and effects of heating and filtration on

-=pXperiment 6

Q.12

2.4

(millions)
2,2
Q0,20

Q.19

No. bacteria Ter ml

Each of the 11 containers (4-liter beakers) received two common

ki11ifish (Fundulus grandis), 3 to 3% inches long, The test
materials, 2 liters in each container, were not aersated.

none2/’
2145

nene

3:10
none

4 L OGS
gaﬂ 3
O O -I'"'Iﬁ;l

2143
none

none
nona

(hr :min)

sp. on Fundulus grandi
Death timel/

brevis cultures

materials, sea water and Prorocentrum culture {bottle 2), falled

to survive the J-hour test period (Table 4). On the contrary,

mone of the four fish subjected to the G. brevis culture (bottle 1)
were alive at the end of the test periocd. The "death times" were

9, 16, 100, and 130 minutes. Again, however, the G. brevis culture
(bottle 1) had a greater bacterial concentration than the material

in bottle 2, in spite of the addition of Prorgcepntrum a mnnth_earlier.
The count for the former was 2.2 to 2.4 million bacterla per ml in

Jcontrast to 0.19 to 0.20 million per ml for the latter. The latter > |
counts are quite similar to those obtained for bottle < in experinﬁnt:jui;;_

(Table 3).

The figh lived 20 to 100 minutes in the §. brevis culture heated f:&;
to 35° C. 1In the culture heated to 45° C., the '"death times" were B
only 13 and 18 minutes. Three of the four fish exposed to filtrates .

" of a . brevis culture survived the experimental period, The two

fishfgﬁbjected to the materials eluted from filter paper through which = 3 ;
. brevis culture had passsed died in 23 and 130 minutes. Filtration N R
'Eppears to reduce the toxicity of G. brevis cultures. However, other li'ffﬁ"
filtering methods must be tested before this effect can be estahlished::;%;ﬁz,
as a characteristic of filiration. . T

Only one of the four fish placed in each of the two comirol i

Sl

ikl
i
il

the toxicity of unialgal @.

il

culture (bottle 1),

per liter

; 1.2 million organismsg per liter

Material in container
Centrifuged aged sea water (aged 1 month in dark)

revis

el

Filtrate (No. 42 Whatman paper) of 9-month-old

G, b

——

0.9 million organiams per liter

Same as container 1
0,7 million organisms
Same ms ccntainer 3
Same as eomtainer 5
Same a5 cﬂntainer'T

. brevis eculture

4%-mﬁnth-uld

- 1-month-old Prorocentrum sp, culture (bottle 2)

Filter paper discs refrigerated
brevis observed

ey

after culture heated
brevis observed

P il e—

_after culture heated

In dry beaker 2 days, eluted with

_sea water Just before fish added

No l1ive .
No live G,

- none

__none
1:13

Q18

becauge of ingufficsient culture in bottie 1,

2 liters gen water (same as in containers 1 & 2) plus

filter paper discs used for containers 7 & 8.

Nyl

2 liteprs

-

- Same as container 10 except portion of culture heated

through each disc

pasged

culture (bottle 2) was incgeulated with tnialgal Prorocentrum sp., 1 month pricr to use,

culture was used for the heating and filtration studies

eath did not ocecur during the J-hour tegt period.

pterial

brevig cultyre

v L.

containers 7 & Besheated to 359 C,, then cocled to roaom

Same G. brevig culture used in preparing f{1trates for
temperature

of 4.
1o

14

Table 4.--Effects of unialgal cultures of (. brevis and Prorocentrum

tainer No

i o

. breviz+free ba

10
11

1/ Time of cessatlon of opercular movement.

2/ None indicates that 4

3/ The G
4/ Anot

brevis

—

her G.
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Toxicity of Unialgal gymnodinium brevis, Tmmediatel |
. y after the M. ceph '
and Effects of _ M. cephalus died in the ainora
tﬁizh werf Initially sampled for bacterial cnuntgé(?GHEQizsaug)
wcfeeaifz iiiers were again sampled for such cmuntﬁ,J S;ch qimniﬁq
' no taken from one of each of the remalning dupliuaﬁerlﬁﬁtﬁh

Experiment 7. Comparison of
prorocentrum sp., and Gymsodinium sp.,
Filtration on Toxiclty

The final toxicity study in thils series was performed {0 compare materials {containers 3, 5 d
the effects of uniclgal cultures of G. Qgggig,lgggggpentrgm sp.,, and r (container 11) fﬂllowin, tﬂeag 7) and from the millipore filtrate
Cymnodinium sp. The two latter organisms Were {solated from water | plates were prepared Wi%h +h ﬁeath of thE{MF.EEEEﬂlE%ﬁ Pouy -
samples taken in the lagoom, Galveston, Texas. Gymnodinium &D. ig refrigeration, except the ese samples after 4 1o 65 hours
morphologieally aimilar to the cultured forms of G. brevis originally stored only 1-1/3 hours sample from container 7 which was
isolated from Florida waters. A portion of the experiment was 1O : *
determine whether passage of G. brevig cultures through a millipore The results (Table 5) of
mombrane would reduce toxilclty as did passage through filter paper. all of the M. cephalus Eubjzctzgiigzzzigzr Expzriment show that
| . or filtrate . r G. brevis cultures
. Striped mullet (Mugil cephalus) and variegated minnows (Cyprinodon - hour, tTizeugzit;Ei;;;:ﬁ'Of such a culture died in less than an
varie atue) were used as test f{sh, The M, cephalus (3 to 4 in. iong) | M. cephalus in the uninuc3§rieg from 14 to 53 minutes. The
wore maintained in aerated aquaria about 22 hours before beginning 2'17§EEEE_§'hourg The b : Ei culture medium lived approximately
the experiment. The L. variegatus { about 1% in. long), collected of this culture médium (higtir al caunt_af 1,8 million per ml
3 days prior 1o begimming of experiment, were kept in a*nmn-aeratad | million per ml cobtained for tE93é WEE h%gher than the 1,0 to 1.5
11 without aeration. , cephalus in the Prorocentrum cuizﬁ}zzﬁﬁﬁfiﬁzétgzziiy gﬁﬁ}ﬂ.
; o ours.

aquarium since this species survives Wwe
Tho -
se exposed to the Gymnodinium ep. dled after 46 and 69 minutes

test, materials included in this

Five of the seven different
study were tested in duplicaie. These materials consisted of: WO : The €., variegat urvi
different unialgal G. brevis cultures (containers 1 and 2, 3 and : M. EEEhaiﬁs ™ ali-Egitﬁ;z:;;?dlcnnsiderably longer than the
.): Gymnodinium sp. (containers > and 6); Prorpgentrum Sp. (containers % the "desth times" for C vari;aaiﬁg iZf?zz'%é brzvis cultures
d 10 : - . * RELUS 1 om -2- o 7.8 ho
9 an ) This speecies survived the 27-hour test period in t§£3t$§ ijtgéirgﬁ

7 and 8); and culture redium from bottle 3 (contaimers
Also included was a f1ltrate prepsred by pasging 1 liter of . brevis

culfure through a millipore membrane (container 11) and the residues
retained with this membrane eluted in 1 liter of culture medium from

bottle 3 (conteiner 12). The millipore membrane (HA) retains particles
Roeh of the 12 containers (2-liter beakers)

@ materials (the culture

3 X medium and the Pr

; C. : orocentrum culture},

_é 2- Yariegalug lived about 2-1/3 and_2f§73.hour5 in the S;;émdiggim

5p. culture,

M. cephalus lived only 14 minutes in the millipore filtrate

ag small as 0.5 micron. _ s
received approximately 1 11ter of test materisl which was not aerated. B of the G. brevis culture in contrast to 53 mi
| | o eluted from the millj © nutes in material

pefore adding the fish, bacterial samples were taken from two . more toxic to C. varigzziuﬁﬁﬁi?angt Likewlse the filtrate was
containers of G. brevis culture (1 and 2) and one container of I | 4% hours in the former materiain ﬁhﬂ residues; the {ish lived
culture medium (9). These containers were arbitrarily selected N survived the test period whereas the one in the latter
in order o compare the bacterial counts in come of the containers S | )
vefore adding the fish with those obtained after death of the test BOETS: S Discussion of R . |
fiﬁ?. The samples for bacterial counts were refrigerated from 3 to FET i esults of Experiments with Unialgal Cultures
3-2/3 hours before preparing pour-plates. All containers with R 5 The fish subject - '

. BEVAAE d
dinoflagellsates {1 through 8) as well as the filtrate of the '__;.%__- more rapidly'thathhﬂze Enggiglfal cultures of G. brevis died
G. brevig culture (container 11) were sampled for counts of these ;5;;:% experiments considered in this seztizitrﬂl mﬂtgrials In the seven
These counts were completed e greater survival of the control fish démzi:igzigg :EthiE?-l T?ﬁ
O SR alga

Erganisms just before adding the fish.,

within 3 hours after collection of samples. cultures of this or
ganism are toxic to the five s
 speclies of fish

teas -
F,Er;o.:dg&gl%nm_ag vagrans, Mugll cephalus, Fundulus grandic, Cyprincdor
hLor s, and Yoluienlsls labl inna). Indeed, the rapidity with
toxieity of 5 isuccumbed in some of the cultures emphasizes the
"death {imasﬁnfiigaligjbzezis curares, or example, the iinimum
some o ese fish were: 4 mi |

on : minutes f nna
(only cne tested), 14 to 16 minutes for M. cephalus, angrgm£gv§? ang

One M. cephalus Wwas placed in each of the 12 containers.

Each M. cephalus was removed from its contalner shortly after
death and a ¢, variegatus was added. The fish were not introduced

similtaneously since the M, cephalus were rather large for tihe
containers,

16
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filtraticon on the toxicity of unialgal G. brevis cultures-=-experivent 7

Table 5.««Effeecis of unialgal cultures of G, brevis, Prorogentrum sp., and Gymnodinium sp. an'Mugil cephaius and Cyprinodon variegetus, and effecta of

eI T ._‘.__- . __'" "'r.-
B AR N L e ey

Vet . -
B T .-
e v Skt T

minutes for F. grandis. However, all five species did not show |
guch extremes of sensitivity to G. brevis cultures. The minimum
"death times" for (._variegatus were 2-1/3 to 2-2/3 hours.

No, bacteria per
(0.0060)

ml {mi
1.5

(1.3}
1.0
(1.1}
5_
(3.3)
1.8
2.1

The concentration of G. brevis in the cultures used for the
seven experiments varied from 0.6 to 2.1 million per liter. Hince

e these cultures were not free of bacteria, such organisms poggibly
: contributed to their toxicity. 3

L
L

e .'.._.r .
S

574

-

i The results of a preliminary study suggest that the survival
E period after exposure to G. brevis depends on the exposure time
and that fish subjected for Jjust a few minutes may not recover
when transferred to sea water, M. gephalus, subjected to unialgal
G. brevis for 3 and 15 minutes and then transferred to gsea water,

lived for 165 and 12 minutes, respectively (Experiment 5).

1.3
1.3
1.2
1,0
1.4
L1
1.0
§
0

3
il

Moreover, there is some suggestion that G. brevis cultures
may become more toxic with each subsequent addition of test fish
For example, in experiment 5, the "death times" of each of four
M. cephalus added in succession to the same culture decreased
progressively from 29 to 7 minutes. We do not Xnow the reason{s)
for this apparent increage in toxicity. Since the test materials

were not aerated, possibly the oxygen content was progressively
lowered by the test fish and thereby decreased the "death times",

%20

vari
7«8 hours
2142
62 04
2123
d: 4
none
I
none
none
4130
nnea

-0 - . - . .. N - " = - a - T
T A e T | B .
A 5-:,_-::-.. ati, dRUTroad W T TR ey e T T .

e R iR s
e i S

U R B g o it WL

not known

4:38
2:39

ana
3:26

2

2:10
2223
nane

Distress timel/ Death time2/ No. dinoflagellates
I
none

The toxicity of unialgal G. brevis cultures does not depend
Gnnthe presence of living organisms, Cultures heated to 35 and
42" C.were no less toxie than the untreated ones. The removal
of G. brevis from a culture by millipore filtration did not reduce
the toxicity. The relative toxXicity of a filtrate appears to bhe
dependent upon the type of filter membrane employed. A paper

membrane (Whatman No, 42) apparently retains the more toxie portion
of the culture. | | L

died,

5/ None indicates that death or distress did not cccur during the 27-hour test period.

Q:49
0:16
0:16

Q317
1:009
Q46
6152
2:20
3:05
Q:14
0:53

M.

. ] Attempts to determine whether G. brevig or its assoeiated

: 3 - bmcterial flora produces the toxic substance were not entirely

| Successful. G. brevis-free eultures presumed to contain the
bacterial floras associated with unialgal cultures of this organism
were not toxie to the test fish. However, when these experiments
were performed, the bacterial counts of these cultures were cone

. 8lderably lowar than those of the G. brzvig cultures. Nevertheless,

= :&.culture cf presumed assceiated bacteria with a count of slightly
more than a million per ml proved non-toxic to M. cephalus. The

) bacterial count in this culture of experiment AH(Tahiglzfjmas

- Comparable to those of the unialgal ecultures which were toxic

. to M. cephalus and G, variegatus in experiment 7 (Table 5).
;Fhrthgrmnre, in the latter experiment uninoculated culture medium

. tontaining about 2 million bacteria per mi, which was slightly

;ﬁﬂﬁﬁgﬁééhighﬂr than the counts of two different &. brevis cultures, was

Crrgeledt 00L toxie to the test fish. - |

not knowmn
[VOWL

0:39
0:10
0:10
009
0:32
2

2:12
2154
0:06
0:48

Distresa timel/ Death time2/

sp.

pdinium =p.

=y
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weekly
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el
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8 containe

e

G. brevis culture

Meterial in container

o

9 (same sg ysed in contaipers 9 & 10)
Time (hr:min) required for fish to show first signs of imbalance,

{iltrste in container 11 eluted In

leyear-old G. brevis culture,
1 liter culture medium from bottle

fresh medium added 6-8 weeks

rior to yae
of same culture used in con-

talners
12 Millipcre membrane used to obtain

(uninoculated) from reger-
Millipore filtrate of portion

yolr (bottle

Same as container 1

Same As container 9

S-week-0ld G
H-week-0ld

ceuylt

B-month-o0ld

eulture, fresh mediym added
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98/ &-week-old culture medium
enclosed in parentheses, were taken immediately after the M.cephal

1
11

4/ Samples for the first bacterisl count listed for each container wers collected just before introducing the M. cephalus; samples for the second counts,

&/ Originel gupply of medium In regervoir (bottla 3) became exhausted and it was renewed mbout & weeks prior to use,

3/ All sanples for dinoflagellate counts were collected from the containers just before introducing the fiszh,

2/ Time (hr:min} of cessation of opercular movement,

Contalnar
Mo,
1
<
3
>
7

v

18
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Unialgal cultures of three species of dinoflagellates (Gym- i The material in 12 of the 14 contalners received pgentle aeration

nodinium splendens, Gympnodinium sp., and Prorocentrum sp.) isolated | contlnously from a small aerator; the main air line from the
from the lagoon, Galveston, Texas, were tested for toxielty to | gerator wag cquipped wlth a non-absorbent cotton filter. To
fish, Two specles were non-toxic and one proved toxic. The non- ; preclude possible excessive oxygen demand by &, brevis, lipght was
toxic forms, (. splendens and Prorocentrum sp., were used in e provided continously with two fluorescent lanps equipped with
concentrations comparable to and, in some cases, even exceeding | | two 18-inch, 15-watt daylight tubes., A photograph of the experi-
those of the toxic G. brevis. In fact, M. cephalus survived | mental setup 1s presented in figure 1.
considerably longer in the Prorocentrum culture than in the control ’ | , |
material (uninoculated culture medium) in experiment 7 {Table 5). ? Six different bacteria-free cultures (containers 3, 4, 6, 7,
The Prorocentrum possibly aided survival of the fish by liberating - " 9, 10, 12, and 13) and four batches of sterile control material
oxygen since the test materials were not aerated. The Gymnodinium | (containers 5, 8, 11, and 14), all of which had incubated for a
sp. was toxic to M., cephalus and {. variegatus (Table 5), 1In view ? month, were employed in this study. The control material consiszted
of these results and since this Grganism in culture 1s mmrpholﬂgically : of uninoculated culture medium otherwise SUbjEEtEd to the szame ron-
similar 1o Q. brevig, we tentatively consider the Galveston Gymnedinium S ditions as the incculated medium. The sterility of the §. brevis
to be §. brevis. The Galveston Gymnodinium wes observed only three ; cultures and control materials was established by inoculating routine
times (a1l within the same week) although samples were collected | sterility-test media with samples withdrawn from the culture vessels
from the lagoon three times weekly during an ll-month period. The . shortly before these materials were dispensed inio the experimental
concentrations in the lagoon samples varied form 1,000 to 60,000 ; containers., Duplicate containers of two of the six bacteria-free
organisms per liter. | - | ; cultures (3 and 4, 6 and 7) were set up to compare the survival
; of test fish in aerated (containers 3 and 6) and non-serated (containers
EXPERIMENTS WITH BACTERIA~-FREE CULTURES OF GYMNODINIUM BREVIS | 4 and 7} cultures, A year-old unialgal G. brevis culture (container 1),

which was replenished with fresh medium about 4 days previously, was

Mass bacteria~free cultures of G. breyis were establighed used to compare the effects of unialgal and bacteria-free cultures,

2 i_""'.-"ll__i,ll-'ﬁ-ﬂ'-'l'

following the completion of experiment 7. The twa experiments 2 Aged sea water (container 2) served as control material for the

to follow (8 and 9) were the first toxicity tests to be conductled & entire experiment. The volume of test material placed in each
with pure cultures. The importance of these studies lies in the } container varied from 750 to 1000 ml,.

fact that the observed effects can be atitributed to G. brevig with & - - 3

certainty since no other organisms were present during the incuba- 3 Before adding the fish, samples were taken from four containers
tion period. Substantiation of the toxicity of unialgal G. brevis ] of bacteria-free G. brevis culture (3,6,9, and 12) and two con-
with bacteria-free G. brevis should establish the existence of a 3 tainers of uninoculated culture medium (5 and+11) for bacterial
cause and effect relationship between "blooms" of this organism I counts, Also at this time the nine containers with G, brevis |
and associated mass mortality of marine animals. The experiments . were sampled for enumeration of this organism., The sampies taken
with bacteris~free cultures were more refined in several respects B for the initial bacterial counts were refrigerated from 1 to nearly
than those with unialgal cultures. Iun addition to aerating most = i - 3 hours before preparing the pour-plates, Most of the §. brevis

of the test materials, such factors as temperature, dlssolved oxgen, counte were completed within a few minutes %o an hour after with-
salinity, and pH of these materials were determined. N B drawing the samples. A few samples, however, stood for a maximum

of approximately 3 hours.
Experiment 8, Effects of Unialgal and Bacteria-free

Cymnodiniym brevig Cultures Each of the 14 containers received two M. cephalus and two

. variegatus except the container of sea water (2), which received
three M. cephalus. Fach fish was removed from the container shertly
- i jafter it died so that test materials would not become excéssively
e NN fouled by decomposing fish.

The first mass bacteria-free cultures of G. brevis were tested
for toxicity to striped mullet (Mugil cephalus} and variegated minnows
(Cyprincdon variegatus). The (. variegatus (1L to 13 in. long) and
M. cepnalus (1 to 12 in. long) were maintained in aerated aquaria for
5 days and overnight, respectively, before beginning of experiment.
One liter of distilled water was placed in each 2-liter beaker,
containers for the various test materials, 5 days before commencing
the experiment so that the aeration equipment could be tested and
ad justed. The water was discarded and the beakers received no
further treaiment before introducing the varlous test materials.

1T After commencing the experiment, samples were again taken for
- - G. brevis and bacterial counts. Seven of the containers with G.
e brevis were sampled for counts of this organism immediately after
i~ - the death of the laat fish in the container. Two other containers
~55{0f,g. brevis (12 and 13), in which the last fish in the container

21
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survived beyond 8 hours, were sampled about 8 hours after beginning

the experimant. The second samples for bacterial counts were tagen
either immediatel¥ after the death of the last fish in the CGHt&l?EE

cr after 30 to 313 hours providing one fish surviv?ﬂ the test_peilg .
(Bl% hours). The .10 containers sampled for bactgr?a} counts included
211l of those which were sampled for guch countts 1n1?1ally (3, 5, |
6, 9, 11, and 12), the container of uniialgal G.brevis (1), the ;
sontainer of sea water (2), and the two containers of non-aerate

G. brevis cultures (4 and 7). These samples were plated after

15 to 90 minutes refrigeration,

5
0.00025
{0.033)
(0,075)
0,0010
Q.020 -

0
(0,60) .
0.0070
(0.,075)
0,025
0.0050
(24,0%

No. bacteria
millians}&/ per ml (millinns]ﬁ/
(3.5
—_— (5.0)
{21.0)
(0
(7,0}
8)

revig per

3.4

{

G.

{ .
o
ﬁaﬂ}CJnl I ™ a9 ﬂﬁrﬂ
- ™ » [ - h [ ]
~F O~ Y e\ (N[ ”3
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Following the collection of bacterial and G. brevis samples,
211 test materials were sampled for dissolved OXygen, pH, and
salinity determinations (Table 7). Aeration of each containei_
(if aerated) was discontinued just before collecting the samples,
which were itaken either immediately after the deat? of the lagt
fish in the container or near the end of the exp?r1mental pericd
i at least one test fish survived. Seven containers (2, ?, 8,
11, 12, 13, and 14), those in which at least one fish survived
beyond 7 hours, were also sampled for pH'determinatipns 7 10 .
7%+ hours after beginning the study. During this 313-hour experl-

O
ment the room temperature varied from 20 to 24.5 C.

No,

4 Jariegatus

7120
6:05

!
! - [ =2
W™ Uy -—!h#\g
mr = r:h:l' ::;1;: .ii-i:l:l
N -

none
3:10

6:50
none
T:20

T:22
5:10
6331
3:40
i
3:21
i 28
none
b7
23327
7:14
7240

Only one of the 32 fish gubjeeted to initially bacteria-free
cultures survived the 313-hour test period; all except three

¢. variegatus) died within 8 hours (Table 6). The lone fish
Eg.'variegatus; surviving the experimental period succumbed about
30 minutes later. On the contrary, only cne 0? ?hg 21 fish . _
exposed to control materials of sea water and 1n1t1al}y s?erlle :
oulture medium failed to survive the test period. This fish ;|
(C. variegatus) died after nearly 30 hours in cultur? medium, ) 3
The "death times" of M. cephalus, which varied from & toO b~3/4 hmui > K
were congiderably less than those of the (. variegatus, 3% to pearly . j
32 hours, Fifty percent (16) of the test fish in the bacterisa- | 4 |

i iglgal culture;
froe cultures died earlier than those (4) in the un
the "death times" in this culture were about 1# hours for M. cephalus

gatu at fish survived
and and 6-3/4 nours for {. variegatus. The tes
emns?ﬁerably longer in the non-aerated than in the aerated G. brevis

e i i ite occurred
sulture in one instance; in the other case ihe oOpposi
although the differences of survival in the two types of cultures

were less marked.

gzhalus
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20
1:44
L1144
148
136
none
0:15

O34

e, b
1:47

alus

1:06
e

none

0:13

_0:19

1:34
1:39
nonea
- 38
D:28
28
nonpe
+10
12
0:13
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Distress time2/ Death time3/ Distreas time2/ Death time3/

revig
7
brevig
';vis

brevis

750 ml sterile culture medium

—==control for 12 & 13

e

& 4

800 ml bacteria-free G. hrevis

eulture

ot aerated

ml sterile culture medium,

7. H=awcontrol £

bfévis

(i

1000 ol bacteria-free G,

nacterial counts of the initially bacteria-free G. brevisg
nulhuﬁgz sampled before adding the fish varied from 250 tD_EO,DDU
per ml., The rather high initial bacterial ?Gunts are attributed
+o the prolonged standing (5 days) of the distilled water i§.the
experimental containers while the aeration equipment was belng
tested and adjusted. The counts obtained from these cultures
following the death of the last fish in the container (5 to 8

8,0
ed nea water

1000 ml bacteria-fres Q.

culture

- a
750 ml bacteria-free G. brevis

v

=

tyre 7.7
1000 ml sterile culture mediym,

container &, but not aserzted

800 ml sterile culiwre medium,

Container

No
. 1

2

A
—_b_
7

8 pH 7, 6-wcontrol for 6

9

1

1
-1
— 14

80O ml of same culture used 1n

1000 ml of seme culture used

Material in containerl/
in contalne

1000 ml bacteria-free G.
750 ml bacieria-free Q.

cultyure

1000 ml unialgal G,

culture
1000 ml
enl ture
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Table &,—-Effects of bacteria-free and unfialgal cultures of G. brevis on Mugll cephalus and Cyprinodon variegatus—--experiment 8

EAf- §
H LBy
o3 4-,1 213
o g L :
R, -
T -
b dlo
1, iy T
: Ji: i

Wrevis counts

Samples
the former were taken about 8 hours and the latter 30 to 313 hours

Frarp—

none

All containers aereted except zs noted.

Lone ,

-

nens

DOTE

1/ Determinations of pH made on gamples withdrawn directly from culture vessgel,

2/
74

ress or death did not oceur during the 314-hour test period,

&/ The last fish {Q. variegatus) in container 12 died about 30 minutes after close of experiment.

for second counts, enclosed In parentheses, were taken immedimstely after the death of last fish 1In contalner, except for two G,

{centainers 12 and 13) and four bacterial counts (containers 2, 5, 11, and 12):

efter start of experiment,

Time {hr:min)} required for fish to show firat visible signs of imbalance,

Time {(hr:min) of cessalion of opercular movement,

5{ The first G, trevig and bacterial counts listed for emch contalner were obtained from gamples colected before Introducticn of the fish,

5/ Neme indicates that dist



i o
3 A %nﬁ_ f’ hours later) varf_Led from 33,000 to 600,000 bacteria per ml., A
= o £y 5 count of 24 million bacteria per ml was obtained after 31% hours
3 + ﬁ‘m frem the initially bacteria-free G,brevig culture in which one
B £ O % fish surv%ved the test period. The first baeterial counta for
o < . :i‘ - p i two cmgtalners of inltially sterile culture medium were 1,000
% ﬁ = ‘:lr - R o o S (container 5) and 25,000.(013111;3111&1' 11) per ml, When these con-
o 87 i Tﬁ © ﬁ' L e g w o == S S~ % CHY tainers were sampled agdain near the end‘mf the 31s-hour tem_:, period
=4 o ™ - . | Y o | the bacteria had increased to 21 (econtainer 5) and 7 (container 11)
o O r+ 3 million per ml,
: K : X IRBN I LI -
‘a - Lo i : f: . t s 9 (EJE The results of experiment 8 show clearly that bacteria-free G.
42 LRI B G T S T S SR LA S NL: B S p_l;g_giﬁ'{?ultures are toxic to fish., Nevertheless, we desired to con-
o ﬁ G A S L S S S > 5 L 58% firm this toxicity using test materials with greatly reduced initial
5 A ~ ~— | , » g9 E and terminal bacterial counts.
- o :
- N L O o > ﬁﬂ?% Experiment 9. Effects of Bacteria-free and Unialgal Gymnodinium brevis
a g§ 8 ERE 8 I ¥ I8 & 9 B oo g B9 Cultures, and Effects of Filtration on Toxieity
N S B T B AT A S VAT S - SR - S A g 6 °
s B A ™ ™\ @ Mmoo m M M G P~ % ;
8 . g g0 : The second study with bacteria-free G, brevis differed somewhat
g, 5% E f:uE from the first one (Experiment 8). TIn experiment 9 the initial
TN a. %‘é*’ ; bacterial contamination of test materials by containers and aeration
= » | g}g A mtﬂ % equipment was reduced; the effects of two methods of filtration on
- E o O 4w O W w N N 3 0 © wogd Ty 3 the toxicity of bacteria-free cultures were studied; and the sensitivity
585 S\G; N o~ o a9 88 88 Ve E'ﬂ + :‘ of two size groups of mullet (Mugil gephalus) to §. brevis cultures
H E* _ N NN N N j(*¢ —mesg was compared. The experimental setup was the same as for experiment 8
" E 186 . i’ 0 E (Fig. 1) except that more containera and a larger air pump were used.
T + " |
P dalrok We employed three precautions to reduce the initial bacterial
5 ) pyle BBl S  contamination of the test materials, One precaution was-heating the
2 = 13 = a LE-R:) Experimgn'bal containers (2-liter beakers) in a hot air oven at
B 8P & o . o tw o~ b~ ®w A om0 9 O oy § E“,ﬂ ) ;5&-160.1[110. fn:;rtE houra and allowing them to cool overnight in the
X towm S e o o - O O ven. e containers were removed from the oven shortly bhefore the
E E’E S € H ¥ &~ w _}R I~ B AN X w 5 E A 5-3 y test materials were added. Secondly, the aeration apparatus was _
. o8 PEanTd . autoclaved for 15 minutes at 15 pounds pressure. Before sterilization .
S el ] g agh ‘this apparatus was assembled and packaged so that a glass air-delivery
B0 A oo H Eg 7 tube could be inserted into each of the 18 containers without handling
¥ o0 iﬁwé ﬂ-gfg*,_ﬁ, 1:thE pertion which contacted the test materials. All air pumped into
- 5 9 2 8 9 T R S 2 & 9. SHR Gy - -, the containers passed through a non-sbsorbent cotton filter installed
@ S B T e d a3 @ 3 IS oYl 7 in the main air line from the pump. The third safeguard against
i O O v Mmon D o ° 5 o 3 E - % . excessive bacterial contamination was placing the test fish in
2 o B3 H3B ;:*;_'-;, - o autoclaved 85% aged sea water for several minutes before transferring
| i a8 R > E j:-,;;lthem 10 the experimental containers. This concentration of sea water
g : y o ﬁﬂ & % ﬂg-f'ﬁ: :’,.*i.:?.=*i,';l_1.;'_-’.;-'__"'.,_iE about the same as that in the culture media to which the fisgh were
| « a O oo B e i eXpoged, . |
| - Y r.% %E ” é! &L '
% E ~ & ™ 4w 0 > w oo G oo f >’ :ﬂh ;I "F Three different month-o0ld bacteria-free G. brevis cultures,
: R e N 1 two b

e e atehes of sterile culture medium of the same age, a l10-week-old
& ¢ unielgal G. brevig culture, and autoclaved 85% aged sea water consti-

A
"
LELE .
e
-
-t

&
]

~_.-_.?§1_1ted the test materials. One liter of test material was placed in
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each of the 18 containers. Since the test materinla were nernted

L " u-a'l'l-'-.- -"-H'-' o LTS P A Rl
T T '.-ﬁ g ?‘ 'l }-’ i‘Fw-ﬁ': ljlg‘ tl‘ﬂ‘mrr‘- " !-hll - T‘!, :l.- -""fn_ L —~+¢-:H{ 1*-_,31 *_' 3 i ,g"';‘if r?‘_‘:i .'lil*l.-._ _1 ;

-y Y P A I e G more vigorously in this study, the Increased alr fiow made equalizing

3 T | | - I B 1 the depree of aeration in each container difficult nnd the apitntion

o | B _Figﬁﬁg_ k of the teat materials probably variled more.

3t ‘ S S F R b . '

¥ ” R fuixijﬁﬁ?_ One portion of the experiment (containers 1 through B} was

. ;;;}}ﬁﬁj designed to compare the effects of millipore (HA membrane) and

- SRR < paper (Whatman No. 40} filtration on the toxicity of one of the

57 o . ';ﬁﬁgﬁ ’ pacteria~-free G, brevig cultures. One batch of the steriie culture

2. e e ?%ﬁ% medium treated in the game manner as the G. brevis culture served as
o g control material. The millipore and paper residues of both the G. brevis

o e i G 1 gulture and the sterile culture medium were each eluted in 1 liter

W boEs of sterile culture medium to cbtain four of the eight test materials

T el used in this phase of the study, The test materials for the remaining

PR g portion of this experiment {containers 9 through 18) consisted of
sk ) duplicate containers of two different bacteria-free G. brevis cultures,

sterile culture medium, autoclaved 85% aged sea water, and a unialgal -
G. brevis culture. The distribution of the test materials and
numerical designation of the containers are pregsented in table 8.;

ocamples were taken for bacterial and G, brevis counts |
LEteng B i - S immediately after dispensing the test materials. All containers of
s e R 1 RS (SR I unfiltered bacteria~free G, brevis eculture (9, 10, 11, and 12) and
A AN oo A e rssemmer oy SN unfiltered culture medium (13 and 14) in addition to a container of sea
water (15) and unialgal G. brevigs culture (17) were sampled for
bacterial counts. None of the_cuntalners of filtrates or residues
were sampled because such counts were not needed. These samples were
refrigerated 43 to 65 hours before plating. Samples for &. brevis
counts were obtained from the containers with filtrates of G. brevig

......
.........
- . ..

: culture (1L and 2) and bacteria-free G. brevis (9, 10, 11, 12) The
j 8. brevis concentration of the unialgal culture used in containers

Jf 17 and 18 was ascertained by withdrawing a sample from the culture
~ prior to dispensing. The G. brevis samples were counted between
f-lé to 2-1/3 hours after collection.

i Each container received four fish: Three gmall mullet (1 to 1

. ineh long) and one 1arge milliet (43 to 5 inches long). The small

-+ mullet were maintained in aserated aquaria overnight and the large

mullet were used within a few hours after collection. The volume of .
Ll  test material (1 liter) was somewhat small for some of the large mullet,
E;@;ﬁﬁag which thrashed about vigorously. This activity possibly injured some

3§ -« of the smaller test fish. S

IR

' ﬂ R IS il 1l B0 ; “‘ A sl v | “‘*’FF " F_b{c&p'bing the filtrates of G Dbrevis cultures (Gﬂntalners 1
- e RNy o %ﬁf&;a; g TaL IS T O R R e PR - S I E ;ﬁ?@% and 2), the bacteria and G. brevis were again enumerated for those
“ ' <. containers for which such counts were mede initially. The second
‘ bacterial samples from the five containers with G. brevis (9, 10,
11, 12, and 17) were plated after 4-3/4 to 5% hours refrigeration
whereas those from the containers with culture medium (13 and 1Z)
gw &nd sea water (15) were stored only 2/3 to 1%-hnurs. The second

¥
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(. brevig ¢ |
zgiésimples. In additiziplzzzdlbetwuen 1 and 2 hours after . - i}
o Laken from all 18 ﬂﬂ;ltai ples for pH and calinity d r ‘collecting 2 I O
Y Etnm_;y samples were taken Iilers' Bacterial, G breg-ifteminﬂtiﬂns E-ﬂ 2 gt ? EE
La5 _‘fl_.sh in the container Ge ther shortly ﬁfte;' ‘he den deu" pH, and alen o :-E'E,& ﬁ f“ _
Dr?‘fidmg one fisgh in the T 31_3 the end of the test 111':1‘1 of the ﬁﬁw ‘EE:E'H hﬁ |
salinity samples as oted contalner aur'vivéd' exoent pe_rlﬂd (24 hours) a&ﬂ T.DE EE ﬁ ] él,..."'“ A p -
temperature varied fmm_zzuzder "remarks" in"bablepﬂ for some PH and k £ d‘%-ﬂ 5% & EJ,E : | ! > 5 o
The fish © 259 0. during the 24'h‘;u1‘T2:s?;E % 45 EBE TEEE - PTEE | | L o f g
ig v : S - . : riﬂd. L2 a — 4 = 3 " CF QU Gy
i regidues G?u:ﬂz;ted to bacteria-free cultures: T T E A o A 8% ! 5 o EEEE
those exposed to the cultures died more rapidlreg as well as filtrates - Y = 5 3 g EE
ol especially Emﬂﬁqﬁtrii materia (Table #) O i most part than | </ 315 o c b o % o
his size group d =" phalug, d4id n % : e of the control f v ik & w0 ik ~ % S - -
{containe p died rapidly in cne b ot survive well. Fish © | N o - o CL IR R
2.2/3 ho rs 13 and 14). The "death atch of sterile culture of : ry i A i o ~ 1 E8E 5280
ure ffor the sm a times" varving medium P~ > sy ™ _ri g B, ar
?‘Gmparﬁble to the "deaiilﬁullet in these twﬂrgzziﬂiram 25 minutes to * kL o 3 ik & ?”E £ mg
or the same siz ath times" varying {T LNErs Were e o & = - g Ev% Bad
G. brevis cu]_turig flﬁh in unfiltered bac‘b:?i?fmiﬂu‘tes to 2% hours w§ = - R E"'.: - E 5
containers of cul‘bﬁre owever, the large M. M and unialgal - E 3 ;j: [’y Ky
in -Il;,he g' brevis Eultu?ﬁdlllﬂl survived cﬂESidEra’b us in the two ; ™ E I : ' EW§ + S.E:E
period and th - _E'E' One large fi ly longer ‘than tho T ' ' ] ® D b o
n e other 1 sh survived 5€ - ' D g°%
death times" for the I;Ed at least 83 hours. In the 24-hour test 3 = | B | “«3 " e
G. brevig culture six large mullet in thr n contrast, the - Aoy I 1 Bak dpeh
-tf.} 41 - S th:] ﬂf whi h ea diffErEn-t . Eﬂ H _ 'E;"" = 4 g'ﬁ'-ﬂ.
L tes. AL Pieh in the sea ¥ bacteria-free unfiltered ¢ &3 LSS o
and two of them survived t?n. the sea water lived fm]:-jr ?riEd from 10 R SR & o § g Ep
o e test period. at least 7% hours " g‘j 2 | A E'% &

e Ear]_y de o :"‘ﬂ e w a2 ©
were probably dueazgﬁtif the small mullet in contai iz Ok ) E X ) £ ¥ EEEE
The pH of the materi e abnormally low pH of ainers 13 and 14 £ & 3 L | & 538 Sealy g
after beginning Gfr al in container 1 was ;" gthe culture medium. a% | : ! 5 i EE‘-’;*E X
A pH value of 6.6 Wzﬁpﬁrimﬂnt and increased -E,.:. be:rut 14 hours | oL —~ . [ Eﬁgg &
13 at the end of 1t cbtained for the cult A after 25 hours 4 EN 53!:—?5:; L a 2 S om D:E & E

ras oL T e medium in container ) £ CREE 3990889 B33y [Fanyi ofE Bauf |
¥ SSAmTana (668 g2 H > HoP BES |
The control fish 11 ¥ T RRa G333 (ERRREEE [EDEE B0 S pant ;
sterile culture edium ived ?Qﬂﬁiderﬂbly better i R | = S~Rd {80 H E § 8 § % 238, EE‘EE ~F
ment. All of used in the filt n the batch of ; - 2288 [Eh°cEdn, N
(8) - of the large malliet ration PhB.EE of th g e~ . J% w LR Ky &
subjected to filtrate et (4) and two-thirds of is experi- E Eirono [0y EE a Tk gﬁﬁ't <5
the 24-hour test period o and rosidues of culure £ the anell milist . B EREEEE Badicen Hane 2 LE S FEEPE I
€ E.Hd 12 5!11&11 iy e Eﬂntrﬂry 1 Survived Coee ' :: [~ HD'GE:J QEH"':E TNy Nﬁﬁ Y . 0 “‘dﬁmﬁ-"mt;g
G. ‘ mulle-b a : ‘J‘ nDI'];E Gf ‘the f- . ey EE DDOO gu.*gg gﬁl, v~ $ — EE—iﬁ v b O O
'fhe_bzgi itcul‘fure survived)th}e[pizzsl; ;ﬂ illtrat.ea and resigﬁegm%&:}%& $° é i Sl LEL : 153 E ﬁ% & "E*J ; a2 g4 s g H
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The attempt to reduce the initial bacterial contamination of ‘.
the bacteria-free G. brevis cultures and the sterile culiure medium
by the previously mentiored precautions was successful. The counts
for these materials varied from O to 100 bacteria per ml, ‘“he
bacterial countg in the initially bacteria-free G. brevis cultures

| varied from 4,400 to 30,000 per ml at the time the last fish died

- | in the container {(3/4 to 2% hours later), The initial ccunt in the
unialgal culture was 1.3 million. bacteria per ml; when the laast fish
died 2% hours later the count was 1,4 million per mi, At thc end of
the test period the bacterial concentration was in execegs of BO
million per mwl in one container of initially steriie cullure medium
(13). After about 14 hours the count was 25 to 50 miliion bacteria
per ml in the other comtmwiner of culture medium (1) and in excess

of 80 million per ml in one container of sea water.
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The pH of the initlally sterile cﬁlture medium in container 14
increased from 5.9 to 6.4 during the ll-hour period after the last

fish died, Additional fish were subjected to this material to test
its toxicity at the higher pH. |

0.000025
(25 to 50

milliqns}

0.000002
(in excess of

Q. 000012
(in excess of

(0.015)
0.000001
(0.030)

D-h
0.00010
{0.0044)

80 millions)

80 millions}

Experimént 9a. Supplementary Toxicity Tests of Some Test Materials
B Previously used in Experlment 9
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poa BT Cal TR e

Near the close of experiment 9, we conduct a supplementary
study to determine whether the initially sterile culture medium in
container 14 of experiment 9 was still toxic to small M. cephalus.
Five other containers originally a part of experiment 9, ome
container of 85% autoclaved sea water (15) and the four containers
of initially bacteria-free G. hrevis culture (9, 10, 11, and 12),
were included in this study, The other containers of culture medium
(13) and sea water (16) were not used because this part of the experi-
ment was still in progress as they contained one or more live fish,

- e s %
a = g A, -

The fish appeared in good condition after 133 hour

the f'ish was dying and no air was De

(0:40)
0:45

0145
o

0:25

0:33
1«38

en deflclency.
30 minutes later

XYE

When noticed agaln

Small mullet from the group used in experiment 9 served as test
fish. Four of these fish, which were maintained in 85% sutoclaved
sea water for 24 hours, were placed in each container, Only twc
of the four containers of G. brevis culture were aerated in an
attempt to determine the effects of aglitation and aeration on the

toxicity of G. brevis. The culture medium (container 14) and se
vater (container 15) were not aerated, |
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brevis

; 25 .3, and 4.
iner 15 probably died of ©

i?@i_ The results (Table 9) show that G. brevis cultures were still
Vﬁﬁ?'¥. toxic to small mullet, but the fish survived well in the previously

- ‘R Ytoxie culture medium. The 16 fish in the G. brevis cultures
7 died between 8 and 125 minutes; 10 of them survived less than
=5 ﬂﬁ;: 1 hour, In the control materials (containers 14 and 15), how-
: £; LEvEr, only one of the eight fish failed to survive the 24-hour
& test period; one fish in the sea water succumbed after 5-3//4 hours,
5 %iiiaflthnugh the experiment was discontinued after 24 hours, containers

brevis oculture

ekl
L '-

el

Sterile culture medium--control
for containers 9, 10, 11, ang 12
cultyre whish was not replenished
with fresh medium

Same as cantainer 9
Same ag container 13
Autoclaved 85% sea water
Sﬂﬁe-as ﬂdﬁtainer 15
10-week-old wmialgal G.
Same as contalner 17

Bacieria-free G.
Same as container 11

the ceontainer was being aerated.

See pege 29 for footnotes 1
The large mullet In conta
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mable 9.--Effects of certaili test materials initially used in experiment 9
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14 and 15 were set aside and observed for 4 more days. Two of the
fish in the culture medium dled between 30 and 48 hours, and the
other two were alive after 5 days., The three fish remaining in the
sea water also lived through 5 days. There was scme indication

that non-aerated G. brevig cultures were more toxic tham the
serated ones. | .

Discussion of Results of Experiments wlth Bacterls-free Cultures

The results of the experiments with bacteria-free (0, brevis
confirm that this organism produces a fish-killing substancc(s) as
indicated by tests with unialgal cultures., Bacteria-free (. brevis
was toxic to the two species of fish tested (Cyprinodon variegatus
and Mugil ecphalus), The minimal "death time" for C. variepatus
was about 37 hours, The mullet were more sensitive with minimum
"death times" as low as 15 minutes, Furthermore, small mullet
appear to be less senzitive than the large ones since the three
small fish in each container of §. brevis culture outlived the

; large one. The concentration of G. brevis in these bacteria-free

cultures varied from 2.3 to 4.8 million organisms per liter., Such
concentrations are considerably less than the 10 to 60 million per
liter sometimes encountered in areas where dead of dying fish occur.

i There was good agreement between the resulis of experiments

8 and 9 with regard to the toxicity of bacteria-free G. brevis
cultures to small M, cephalus, which was the only species tested

in both experiments. Nevertheless, thée small mullet survived much
better in the control materials in experiment & then in experiment 9.

2 In the latter experiment the small mullet died rapidly in one

particular batch of sterile culture medium (containers 13 and 14).

large M. cephalus, however, survived much better in this batch of
medium,

| We attribute the early death of the small mullet in the culture
medium placed in containers 13 and 14 of experiment 9 to the -
abnormally low pH of this particular batch of medium. Moreover,
the relatively poor survival of these fish in some of the other = -
control containers of experiment 9 was possibly due to their being
damaged by the vigorous thrashing about of the large mullet, The

length of some of the large test fish slightly exceeded the inside
diameter of the experimental containers, »

The low pH of the material in cantainer'i4 sugpgests that the

% e batch of medium placed in container 14 was abnormal before the

- fish were added, Approximately 1/ hours after experiment 9 was
- begun the pH of the medium in container 14 was 5,9 and the

..~ Dbacterial count was between 25 and 50 willion per ml. Since the
;;)-'PH of this material increased from 5.9 to 6.4 during the next 11

:ﬁifgﬁﬁggh““rs in spite of heavy bacterial growth, the initial pH of this
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particular batch of sterile medium possibly was lower than 5.9,

The pH of the medium in container 13 (duplicate for container 14)
was 6.6 after 24 hours. The pH values, after 24 hours, for the
millipere and paper filtrates of the other batch of sterile culture
medium used in experiment 9 were 7.2 and 7.0, respectively. The
initial pH of month-old sterile culture medium and bacteria-free

G. brevis cultures used in experiment 8 varled from 7.6 to 7.7.

No pH values were sscertained initially in experiment 9, excepting
the pH value of 7.8 for the week-old sterile culture medium used

for eluting the millipore and filter paper residue.

The pH of cilture medium either with or without G. brevis
customarily drops after fish are introduced; this decrease probably
results from increased bacterial growth and accumulation of fish
#aste products, Excepting iwo containers of culture medium (13}
and 14) and a container of filier paper residues of a bacteria-free
G. brevis culture eluted in sterile culture medium (4) of experiment
9, a minimal pH value of 7.0 was recorded after test periods as long
as 2/ %o 30 hours in the two experiments (8 and 9) conducted with
initially bacteria-free G. brevis cultures and sterile culture
medium. Small mullet survived in culture medium with pH values as

low ag 7.0 and 7.1 in experiments 8 and 9.

we do not know why the pE of one particular flask of culture
medium used in experiment 9 was iso low. It ig our surmise that
the abnormally low pH resulted from failure to rinse the culture
flask after hot nitric acid (7%) was used in the cleaning process.

" By sctual test we found that falling to rinse the flask after the

ndiric acid treatment did signficantly lower the pH of 2,0 liters
of sea-water-base medium. In this particular test the pH of the

autoclaved medium stabllized at approximately ©.4.

A flask of culture medium, cowpanion o omne with the low pH
(containers 13 and 14) of experiment 9, which was inoculated with

q. brevis failed to support growth of this organism after incubating

one month, Unfortunately, the medium In this flask was discarded
without checking the pH. Since the two flasks of medium were
prepared at the same time, we consider that G. brevis possibly
failed to grow because the pH was unfavorable, We have experienced
thus far only this one failure of bacteria-free G. brevig to grow
in low-form culture flasks (3-1iter). Growth of G. brevis has not
cooured in sea-water-base medium with an initlal pH of less than

7 0. Furthermore, preliminary studies indicate that a pH below

7. 1s unsatisfactory for this organiem,

The results of experiment 9a (Table 9) show that the culture
pedium in container 14 was no longer toxic to small mullet when
retegted about 24 hours after expériment 9 was begun, The pH
of this medium was 6.4 about omne hour after beginning experiment %a.
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ALl four test fish were alive after 24 hours;- two .
. , i of them were alive

:i;er 5 days. The pH of the medium in anntainer 14 wag 6.9 at this
E. - r. . . - L _ T o : .

The effects of millipore and pa'ér filtration ic]
of bacteria-free G. brevig cultures Eere the sam:néznﬁEEZrizzliizg
unialgal cultures were so0 treated. The more toxie portion of the
culture passes through the millipore membrane whereas filter paper
retains the more toxic fraction. | o

Bacteria-free G. brevis cultures'prﬂved- ust as toxic a
unialgal Gnes.in simultaneous tests with cﬂmpirable cﬂnceztiztggis
of this organism, For example, in experiment 8 {(Table 6) the "death |
times" for M. cephalus in initially bacteria-free cultures varied |
from a minimum of 15 minutes to a maximum of 4 hours and 44 minutes -
Seven of the 16 M. cephalus died in less time than was required o
(1 hour and 13 minutes) to kill the two M. cephalus subjected to a.
unlalgal ?ulture. "The C. variegatus succumbed in the bacteria-free
cultures in periods varying from a minimum of 3 hours and 18 minutes

to a maximum of 32 hours; 13 of the 16 test fish died within & hours, -

Nine of the 16 C. variegatus in bacteria-free c¢uliures died in less
than the minimum time (63 hours) required to kill the two C. variegatus
In a u?lalgal culture. Further data for comparison of the effects of

bacteria-free and unialgal cultures are available from experiment S
(Table 8). Tw? large M. cephalusg subjected to uniaigal cultures died
in 10 and 14 mihutes. The four large mullet in the bacteria-free. .
cultures died within 23 to 41 minutes. The Ydeath times" for six

Eriall M. cephalug in the unialgal cultures varied from 15 minutes to
25 hours, The extremes of "death times" For the 12 small mullet in

- In gpite of the evidence that bapteria are not d
;es?nnsible for the toxie effects of G. brevis'culturi:?cziz péssi~ o
Gillty Fhat bacteria play & significant role in the development of
G, br§v15."hlmﬂms“ should not be overloocked. - Such organisms may
contribute appreciably to the nutrition of G. brevis. Fbr ekample |
some of the bacteria isolated from unialgalfbu brevig cultures :
produce vitamin Bys-active aubstancemr(Starr_ét_al., in presa}. -

s _Vitamin Bqo apparently'stimulates-the-grcwth of G. brevis in
. EEa-water-hase-mﬂdiUm'(Hilsbﬂ'and Collier, 1955). -

Once fish kills are initiated by "blooms" of . brevis, éxcessifé

. E;:}f. E:gterial growth resulting from the inereased availability of organic
x. ter may possibly cause the "blooms" to decline in isolated situ-

gtigns.' Some of the ways in which bacteria could unfavorably affect
U, brevis "blooms" include: producing substances toxic to this

-51:;$f ;:;gEni5m, competing for nutritive substances, and advergely altering
ﬁﬁE;:toe PH. .We have-?requ%ntly cbserved the failure of unialgal G. brevis
w0 grow in tubes in which the medium became cloudy with bacterial growth,
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Another role for which bacterla must be considered:is that
of a detoxicating agent. Shilo and Aschner (1953) found that: -
bacteria decreased the toxicity of cultures of Prymnesium parvum,
a marine and brackish water chrysomonad which ia toxic to fish,

Similarly, bacterial activity may influence the toxiclty of ' -
G. brevis in the laboratory and in nature. .o -l

Y

STUDIES WITH H&ET. TA - iend ot

e

the toxieity of unialgal cultures, direct procf was lacking prlor to
the development of bacteria-free cultures, In addition to the bpacterial
studies previouly considered, the possibility that bacteria may cause
all or some of the toxic effects was investipgated by testing pure = .-
cultures of some of the bacteria from unialgal G. brevis cultures.
Furthermore, toXicity tests were conducted with pure cultures of an
unidentified red-pigment-producing bacterium isolated from Florida
waters and Flavobecterium pisclcida Bein. Bein (1954) suggested that
F. pisgicida, a chromogenic bacterium, possibly was a cause of mass
fish mortality assoclated with discdlored water off the west coast

cf Florids, | R | o ST S

Egcteria Isﬂlated from Uniglgal Gymnodinium breyis Cultures.. .

Because of the preliminary nature of these studies and the -
crudeness of the quantitative bacteriasl estimates, only a summary
will be, presented; ' The bacteria used have not been identified; -
presently they are being characterized morphologically and physiologically
by Dr. T. J. Starr. The test fish were Gulf kfilifish (Fupdulus similis).

Two test fish per container (l-liter beaker) were gsubjected to -

about 500 ml of non-aerated test materkals. Bacterial suspensions

were prepared by adding 16.5 ml of a 24~hour culture to 500 ml of ..
filtered Galveston Bay water. Control materials congisted of the @ - =
same ratio of sterile culture medium and bay water as well as bay *
water alone, Crude estimates of bacterial concentrations were made .o
by preparing & pour-plate of 0.02 to 0.03 ml of a sample collected™ i~
shortly after theé fish were added, A second gample wa® taken elther: -
after both fish died or after 23 hours if at least one Tish survived .
this period. ' The colonies were too mumercus to' count in most of the ™ -
plates prepared from the second samples, - Therefore, not even rough -
estimates could be made for the bacterlal concentrations.

' The most abundant colony type isolated from unialgal G. brevis '
cultures on Spencer's peptone sea water agar and Bein's peptone agat ' =
is generally & convex’white opaque colony produted by gram-negative: =
rods. This colony type may represent several different speciles and = -
physiological types of bacteria, Two separate isbvlates of the white
opaque colony did nmot' give evidence of being toxic to F. gimilis.
The initial bacterial conicentration was in the dbrder of 0.5 to 1V
million per ml.
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A flat white transluscent colony with an iridescent sheen, also
produced by gram-negative rods, is usually the second most abundant
colony type isolated from unialgal G, brevis cultures. An initial
concentration of approximately 1 million bacteria per ml of this
colony type gave no evidence of toxicity to F. similis.

Chromogenic bacteria constitute only a small portion of the
bacterial flora of unialgal cultures of G. brevis. However, yellow-
pigment~producing bacteria become abundant in cultures treated with
dihydrostreptomycin sulfate. They dominate in G. brevis cultures
treated with 500 to 1000 yg of this antibiotic per ml, and often ocecur
in nearly pure culture. This antibiotic may enhance the growth of.
the "yellow bacteria by inhibiting competing bacteria. Dihydrm—'
streptomycin sulfate (125 Pg Per ml) initially lowers the pH. of
culture medium by 0.5 to 0.8 of a pH unit, This chenge in the medium
antbeia fdctor favoring the inereased growth of the pigmentnpréducing

acteria. S -

Cultures of an isolate from a non-treated and a dihydrastreptﬂmycin—
treated unialgal culture, each with an initial count of about 1 willion
“yellow bacteria™ per ml, had no toxic effects on F. similis., Plates -
prepared from samples taken 23 hours after the start of the experiment
showed no yellow colonies. The counts of all bacteria were about
the same in the initial and 23-hoyr samples. |

A Chromogenic Bacterium Isolated from Wﬂter'ﬂff the West Coast
of Southern Florida .

After Bein (1954) reported the taxic effeects of Flavobscterium
piscicida to figh, we made a cursory check for. chromogenic bacteria
In Florida off the Fort Myers-Naples-area during November, 1954.

4. brevis was present in the area at that time although the maximum
c?ncentratimns were usually less than 1 million per liter., Small
fish kills, mainly of mullet, were being reported sporadically at.
that time. Diring the sampling trips, however, we observed less
than 10 dead fish. Surface samples from 15 stations in this area
were plated on Spencer's sea water peptone agar. Four-plates, |
containing 1 ml of each sample, were prepared within 1 minute after
¢ollection to avoid possible changes in the bacterial flora, All
éxcept two of the samples from the 15 stations contained Q. breyis,
&nd the counts varied from 7,000 to 0.5 million per liter, .

& white opague colony was the most abuﬁdﬁﬁﬁitﬁp& in the 15

Iﬁl.{{ samples; some samples showed a few lemon-yellow colonies. A total

0f two red colonies were observed in-the 15 plates. One of these
colonies was isolated from a sample taken 5 miles west of Wiggin's
Pass on November 4, 1954, The G. brevis count {or this sample was

If:f%ﬂff 8,000 per liter. The red-pigment-producing bacterium, which has not
8 ;ﬁi been identified, is a gram=-negative motile rod, . -
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A 2i-hour pure culture of the "red bacterium" was tegted for

toxicity to F. gimilis as a part of the studies dealing with bacteris

isolated from unialgal G. brevis cultures. 7Two fish were tested in

each of the four containers of test material in which ‘the bacterial

count varied from approximately 0.5 to 1 million per ml. The -

bacterial culture gave a pink tint to the test materials, All eight |

fish died within 2 to 8 hours, After the last fish died in each of
the four containers, samples were itaken for bacterial counts. The
red colonies in the plates prepared with 0.02 to 0.03 ml of these
samples were so abundant that enumeration was impossible. We
believe that the minimum concentrations were of the order of 1 to

2 million "red bacteria" per ml at the time the last fish died.

A 6-month-0ld unialgal G, brevis culture (replenighed with
fresh medium about three times weekly) containing 1.3 million
organisms per liter killed the test fish less rapidly than cul-
tures of the "red vacterium”. In the G. brevig culture cne fish
died after 7+ hours and the other one died after 10 to 19 hours.
These "death times" appear relatively long when compared with the
usual "death times" of {fish subjected to other unialgal cultures.
These results may mean either that F, similis is less sensitive to
unislgal cultures than other fish tested thus far or that this
culture wasg less toxie than the others.

Flavobacterium piscicida Bein

A chromogenic bacterium was isolated by Heuben Lasker {Bein,
1954} from a pooled water sample collected after the occurrence of
a fish kill associated with discolored water in Whitewater Bay on
the southwest tip of Florida. Bein (1954) found that 24-hour |
cultures of this bacterium, whilch he named Flavobacterium piscicida,
killed several species of marine fish. He gave nc gquantitative
values concerning the concentration of bacteris used other than
that 500 ml of a 24-hour culture of this species grown in a
0.1% peptone golution in aged sea water were added to 4 gallons
of continuously aerated sea water., After 24 hours all fish
in the experimental aquaria died and the water exhiblted a bright
orange-yellow discoloration. -

We attempted to estimate the minimum number of F. pigcicida -
required to kill mullet (Mugil cephalug) since we desired to know
what concentration of this bacterium might be required to kill
fish under nstural conditions. The Marine Laboratory of the
University of Miami provided the stock from which our culiures were
derived. Since Bein gave no indication of the amount of inoculum
used 1o seed the medium *to cobtain the 24-hour test uultures, we
could not duplicate his inoculation procedures. - o

In our experiment, 24-hour cultures were obtained by ilnoculating

two loops of culture removed from a 24-hour slant culture (1% peptone
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gagar) into duplicate Erlenmeyer flasks containing approximately 150
ml of sterile 0.1% peptone solution in aged sea water. One flagk

was incubated at 30° C. and the other at 259 C, The culture incubated
at 300 C. was deep orange after 24 hours and the one incubated at the
lower temperature was yellow. The more intensely pigmented culture
was uged because it probably contained the grester concentration of
bacteria, The ratio of bacterial culture volume 1o sea water volume
varied from a maximum of 23.0 ml of 24-hour culture to 1.0 liter of
sea water, which is about the same as used by Bein, 1o a minimum of
one-hundredth of this ratio, Sea water and sterile 0,1% peptone
solution were used as control materials. Each experimental container,
2-1iter beaker, received 1.0 liter of sea water which wag aerated
continuously. Two mullet (3 to 4 in. long) were placed in each
container, The test fish, which had been maintained in the laboratory
for several days, were acclimated in the experimental containers for
about 24 hours before beginning the study. The water which became
cloudy in all containers by the end of the acclimaticn period was
replaced with fresh sea water shortly before the test materials were
added. Samples were collected for bacterial counts about 30 mlnutes
after the experiment was begun. Thesge samples were refrigeraied

to 2 hours before preparing the pour-plates.

All fish were alive when the experiment was discontinued 5 days
later. A gecond set of bacterial-count samples were taken at this
time. The samples were plated after being refrigerated a tm 3 hﬂﬂ?q
All bacterial plates were prepared with Bein's agar medium and they .
were counted after 6, 12, 15, and 21 days incubation. The number
of pigmented subsurface calnnies_as well as the pigment Intensity
of such colonles increased after prolonged incubation, After 21
days, however, some colonies began to lose pigment. Bacterial counts
of the test materialsg used in this experiment are listed in table 10,

Discussion of Results of Studies with Bacteria

f
f

The results of the preliminary experiment with some of the
bacteria isolated from unialgal G. brevis cultures suggest that
cultures of the two dominant colony types, both non-pigmented,
and a sparsely occurring plgmented form are not toxic to fish,

On the contrary, a "red bacterium" isolated from G. brevis-
infested water off the west coast of Florida appears to be toxie

~ to fish. Nevertheless, until this bacterium is found more abundently
- or its association with fish kills 1s established, we shall noi

consider it of importance as a cause of flsh mortality cccurring
off the west cpast of Florida. Further toxieity studies with
this organism have been discontinued until such time that evidence

lt'is obtained to implicate it as a fish-killing agent in nature.

A bacterium producing red pigment was isolated by Bein

;éi}(1954) from Indian River on the east coast of Florida ai the
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time of an outbreak of discolored water during August 1951. Although
the water was discolored when the isolation was made, no fiﬂh Ditth
dend or allve were chgerved, Bein found that this b;ctﬁwiu; was J
nentoxic to several specles of figh. Howell (1953) ﬁtudiﬁd théﬂﬁumn
outbreak of discolored water. He reported that no great duantit; mf
[ish was killed; and that the discoloration was caused by a dino-
flagellate, which he described as a new species, Convaulax monilata.

_Th@ gttempt to determine the minimal lethal concenitration of
F. piscicida failed since none of the fish died during the experi-
mental period, The reason for this lack of toxic effect is not
known, Although we followed as nearly as possible the procedurecs
used by Bein {1954), the experimental conditions employed weré )
unfavorable for the bacterium, especially with regard to toxicity
and pigment production. The bacterial counts given in table 10 |
indicate that high concentrations of F. piscicida (orange-pigment-
producing bacteria)} were present initially. However, the second
counts, which were made from samples collected at the end of the
o-day experimental period, showed that either this chromogen or
1ta chromogenic characteristic decreased greatly during the inter~
vening period. A similar "disappearance” of chromogenic bacteria
occurred du?ing the toxicity study with "yellow bauéeria" iSQIaféd
from the unialgal G. brevig cultures, The experimenlal conditionz
may have affected the toxicogeniec and chromogenic ChaPaEtETiEtiG“H
of th%m bacterium in ceveral possible waysz: (1) by killing the i
organism, (2) by inhibiting the growth of the organism, ané (j) by

altering the toxicogenic and chromogenic properties of the
organism. |

With only initial and terminal counts available the gquestion
as to when the "decline® of F. piscigida occurred--either early
or grad?ally during the experimental period--cannot be answered
At‘nn time during the 5-day period did the contents of any cﬂn—.
tainer show the bright orange-yellow discoloration observed by
Bein'afFer 24 hours. The contents of container 3, which received
the maximum amount of F. piscicida eulture, exhibited a tinge
of orange after 24 hours. This slight discoloration graduslly

gzggme lesg noticeable and completely disappeared by the fifth

iy i The numbers of F, piscicida recorded in table 10 represent
Inimal counts, which may be considerably lower than the actual
concentrations, because several of the white subsurface colonies
produced the characteristic orange pigment after being transferred
o agar slants (1% peptone). All deep orange colonies in plates
prepared with samples which contained F. pigcicida were cmnsidefed
to have been produced by this species." A feﬁrmrange colonies

i?? Epp&ared‘in plates prepared from some of the control samples,

¥ i
R
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particularly in those taken after 5 days, We made no allowance

for orange colonies which possibly were not produced by E. pisci-
cridia since the counts were considered low even with the inclusion

of such colonies., An examination of the initial counts {Table 10)
obtained for the control conteainers (1 and 2) and the two containers
receiving the smallest volumes of bacterial cultures (7 and 8) i
suggests that counts of bacteria, exclusive of F. piscicida, '
varied in the order of 0.3 to 0.8 million per ml. From these values
we presume that the actual concentration of E. piscicida was approxi-
mately twice as great as the values listed. For example, the

initial number of F. piscicida in container 3 was probably about

/, million if one assumes that only about 1 million of the bacteria

per ml were other than F. piscicida. The initial counts of this
bacterium were in relatively good agreement with the various

dilutions employed, TFor example, the material in container 3,

which received the greatest volume of bacterial culture, yielded

4 count of about 2 million chromogens per ml whereas the material

in container 8, which received only one-hundredth as much as

container 3, gave a count of 20,000 chromogens per ml.

Since Bein gave only the ratio of F. piscicida culture and
sea water employed, the concentrations of bacteria used in his
studies cannot be directly compared with those we used. If the
amount of water discoloration is proportional to the abundance
of F. piscicida, we presume that the water in Bein's aquaria prob-
ably contained in excess of 4 million E. piscicida per mi at the
end of the 24-hour experimental period. This presumption is based
on the observation that the sea water in container 3 of our experi-
ment was not appreciably discolored after the addition of 2 to
4 million F. piscicida per ml, whereas in Bein's studies the
water was bright orange-yelleow 2/ hours after receiving the

bacterial cultures,

GENERAL DISCUBSION

The well-established association of Gymmodinium brevis with
the sporadic mass mortality of fish and other marine animals
oceurring in the Gulf of Mexico since 1947, in con junction with the
clear-cut laboratory demonstration that this dinoflageliaste Iin pure
culture is toxie to fish, leaves no reasonable doubt that this organism
causes these mortalities. Considering this evidence, we propose the
name "brevis red tide" for such mortalities instead of the nongpecific
term "red tide" whiech is used commonly in popular and scientifie
writing, In our opinion there are ample characteristics to properly
identify these mass mortalities occurring in the Gulf of Mexico as
a distinet phenomenon., This phenomenon can be diagnosed by the
presence of G. brevis in the waters in which fish and other marine
animals are dying. An additional diagnostic csharacteristic is the
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cdorless human respiratory irritant oftén pfeéént iﬁ or néﬂr mortality
aiegs where droplets of sea water become air—borne as a result of
wind, wave action, etc. {Galtsoff, 19.8: Gunter ot al., . “3deo
1948; Ingle, 1954; et al.). ’ P R 19485 Woadeeek,

Fail?re to find either one or both of the mehticnad diagnostic
characteristics in an isolated area of dead or dying fish wwuldhnmt
necessari}y eliminate G. brevis as the cause. .There are atulﬂ?:t
four possible reasons for this statement. (1) The cnnditiﬁn; ;r
agents required to make droplets of sea water air-borne may be
absegt. (2) Dead fish may drift or be carried into an area eithar
UHEUlt&?lE for the survival of G. brevis or removed from the “bimam“
(3) An isolated mass of water in which G. brevis is "blanming"'mayt -
5ud§e?ly'became unsuitable for this Drgahism.and yet not loze its
tm;1clty to fish until sometime later. There is Experimentél
evidence to support this suggestion since the removal of living
G, brevis from cultures by millipore filtraticn or killing them
with gen?le heat did not inactivate the toxic substance. A specific
diagnostic test for the toxiec substance(s) produced by this orgsnisw
would be helpful in diagnosing the cause of mortality in such caseqﬁ
G. brevis is s0 delicate that under adverse conditicna it may die N
within a matter of minutes leaving only fragmentary'remafns which
are not readily identifiable., ({4) The fish may contact the tox‘é
subgtance‘in a "bloom" of G. brevis in one area and yet nct sue;umb
unFll_mmv}ng ?ntn an area where the organism is not flmurishiﬁé.
This possibility is based on limited observations that fish exposed
t? G. brevis cultures for short periods and removed before showing
distress, died after being placed in sea water. The Hdeath £imeé"

after removal to sea wat ' '
er appear to decrease az the exposu L
is increased, | | | o posure tine

Results of our studies with both heated and filte | e

rad ’ brevis ~

culturgs, tests wity other dinoflagellate cultures,.and_@ﬁ%géﬁu_' B

analyses of G. brevis cultures emphasize the existence of a toxic
?EEEE?HGE(Ei- iTh.e: results of these studies. support Galtsoffls
conclusion that fish are not killed by clogging of the gill

filaments by masses of G. brevis, > y gg1ng - hE gill |

|
I._Ilr. -y

The available evidence makes untenable the view that fish
suffocate as a result of mechanical occlusion of gill surfaces by
the mere presence of large numbers of organisms. G. brevig cﬁlturWA
heated to 35 and 45° C,did not loge their toxicity although the -
?iganiams were disrupted, Likewise, the removal of this ;rgaﬁism
dEzth ugialgal and bgcteriaffree) by millipore flltration did not

oxicate the cultures. Unialgal cultures of . splendeng end

pProrgcentrum sp. were nontoxic in spite of the faet that the number

of organisms compared with and even, in some cases, cxceeded the
concentrations in the toxic G. brevis cultures,
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Filtrates of . brevis cultures are toxic; however, the method
of f1ltration determines whether the more toxic purti?n of the
culture either passes through or is retained by the filter membrane,
Tn our studies conducted with both unialgal and bacteria-free
cultures, the filter paper residues eluted in either sea water or
culture medium were more toxic to the fish ihan the filtrates.

The results were reversed when a culture was passed thyﬂugh 8
millipore membrane under suction: the more toxic portion passed
through the membrane, The reasons for the different effects of

these two methods of filtration are not known, The filter materials
differ in composition and size; the millipore membrane (diameter

.7 mm) is made of cellulose esters whereas the filter paper Ediamﬂter
18.5 em) consists of cellulose fibers. Retention of the toxic N
substance by filter paper may be due 10 greater adsorptive area a? tor
differences in physical and chemical properties, Another possibility
1s that filtration by gravity fiow used with filter paper may

result in the retention of considerably more intact OTrganisms than

in the case of millipore filtration under suctiog. ;Assumigg that
greater numbers of G. brevis were broken up by millipore filtration,
more toxin might be released in such case. Hnwe?er, our preliminary
studies showed no apparent increase in the toxicity of G.. brevis
cultures in which the organisms were cytolysed by gentle heating.

There are no indications that the fish kills caused by G. brevis
result from the depletion of oxygen in sea water by great messes of
this organism, Connell and (ross (1950) suggested that anaerobic
conditions created by the high biochemical oxygen demand of an |
armored dinoflagellate, Gonyaulax, was the cause Df.masslmﬂrtality
of fish associated with discolored water in Offatts Bayou (Galvestunt
Bay) during the summer of 1949, Gunter et al. (1948)'cﬂncludedhtha
the 1946-1947 incidence of mass mortality of marine animals on the
west coagt of Florida was not assoclated with low oxygen. Oxygen
deficiency can be excluded as a factor in the death of the fish iy
the G. brevis cultures which were serated. In experiment 8 (Ta? is.
6 and 7) the dissolved oxygen content of all aerated test materials
exceeded 754 saturation and some were as high as 90%. With .
continuous gentle aeration one of the G. brevig cultures was ahiu
90% saturated although the bacterial count was 2/ million per m
at the time the dissolved oxygen was determined.

The results of an attempt 1O determine the effects of aeration
on the toxicity of bacteria-free G. brevis cultures were contra- ;
dictory. In experiment 8 the fish, especially M. cephalus, showe

distress and died more rapidly in the aliquol which was aserated _Q;?E;;E?ﬁ?
{dissolved oxygen—~90% saturation) than in the nonaerated one -f*%% iy

(dissﬂlved'ﬂxygen-45% saturation). The flsh in another non-

aerated aliquot (dissolved oxygen--55% saturation) in this experiment Bt

showed distress much sooner than those in the aerated culture

(dissolved oxygen--80% saturation), In experiment 9a (Table 9)
M. cephalus died somewhat faster in the ron-aerated aliquot of a

G. brevis culture thah in the aerated aliquot. It is apparent

from these contradictory results that the influence of such factors

as aeration cannot be evaluated until the standardigzaticn of the toxiecity

tegts ig8 more complete.

Several factors probably infiuence the degree of toxicity of
. brevis cultures. Aside from the concentration of G, brevis
other factors such as the growth phase of culture, ©H of eulture
during growth and durding test period, temperature and salinity of
test culture, size and number of test fish, velume and degree of
aeration of test culture, and bacterial growth, are among those
which must be considered in standarizing the toxicity tests.
Shilo and Aschner (1953) found that a number of factors influsnced
the toxicity of Prymnesium parvum cultures. The toxicity was
decreased by oxidizing agents, aeration, adscrtents incliudirg
pond-bottom soils, bacteria growth, and low pH (below 7.5),
They improved the standardization of thelr toxicity tests by using
a buffer to control pH of the test culture and streptomycin to suppress
bacterial growth, Furthermore, the test cultures were not serated,
McLaughlin (1956} working with the same organism reported that cultures
grown in an alkaline medium were more toxic than those grown in an
acid medium, P, parvum cultures {grown in alkaline media) rendered
non-toxic by lowering the pH tc 6,0 regain their toxicity when made
alkaline {Shilo and Aschner, 1953; McLaughlin, 1956),

Some of the factors mentioned sbove may sccount for the variable
"death times™ obtained in duplicate containers of (. brevis cultures.
Since on some occasions the pattern of response in one of the duplicate
containers was different from that in the other, we congsider that
factors other than variations of the individual test fish were
responsible, For example, in experiment 6 (Table 4) the fish
died in 9 and 16 minutes ip one container whereas death occurred
after 1-2/3 and 2 hours exposure in another, Both containers
(non-aerated) held similar amounts of the same unialgal culture,

There are other anomalies which defy explanation at present,

One of these anomalies concerns the variation in the response of
fish subjected to cultures supposedly grown under the same conditions,
and treated in the same manner throughout the study, For exaxple, in
experiment 8 (Tables & and 7) container 9 received one of the duplicate
Pure cultures and container 10 received the cther. The L. brevic

¢ counts of the material in each of ihe contalners and such measurad
¢ factors aes pH, dissolved oxygen, and saiinity were comparable,

The similarity between the two containers is further emphasized by

the "digtress times" for the M. cephalus--10 and 12 minutes for cor-
tainer 9, 13 minutes for each of the two fish in container 10. 1In

.f’fﬁ &ff:_ spite of all these similarities, the M. cephalus in container 9 died

by
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in 15 and 25 minutes in contrast to 69 and 72 minutes in container
10. However, €. variegatus, a less sensitive {igh than M., cephalus,
showed more similarity of "death times”: 3 hours and 21 minutes and
/., hours and 58 minutes in container 9, 3 hours and 44 minutes and

5 hours and 54 minutes in container 10.

Ancther anomaly in experiment 8 is the case in which one pure
culture {container 12) witk a G. brevis count of 3.4 million per
iiter was less toxic to both M. cephalug and §. variegatus than the
duplicate culture (container 13) whosc count was 2.3 million organisms
per liter. The "distress times" (about 41 hours) and "death timeg"
(about 4% hours) for M. cephaluys in the more concentrated G. brevis
culture (container 125 were approximately 2 hours greater than such
times in the lees concentrated duplicate culture (container 13).
The "digtress times" and "death times" for the C. variegatus in
ceeh culture were not as uniform as in case of the M., cephalus,
Nevertheless, they show that the culture in container 13 was more
toxic to C. variegatus than the one in container 12; the fish died
after about 8 and 15 hours in the former and after about 27 and 32

houre in the latter container.

We realize that due to variations in the condition of the

individual test {ish some will survive longer than othere when sub-
jeeted to toxic agents.
vniformity in the response of the test fish within each individual
container, especially in experiment 8, 1s a strong indication of
other subtle variables of which we have no knowledge.

_ Despite the evidence that our toxicity studies require more
standardizing, the results of all experiments reported herein
indicate that the sensitivity of fish to G. brevig cultures 1is
variable, OQur tests included gix species of fish as follows:
Membras vagrans, Muegil cephalus, Fundulus grandis, Mollienisia
latipinna, Fundulus similis, and Cyprinodon variegatus. Possibly
the most sensitive of these fish is M. vagrans; the only indi-
vidual tested died in 4 minutes., M. cephalug, the species used
in the greatest number of experiments (5), showed "death times™
varying from a minimum of 8 minutes to & maximum of 4-3/4 hours.
The great majority of them died within an hour. OSmall M. coephalus
(1 to 1+ in. long) are possibly clightly less sensitive to G.
breviz cultures than large M. cephalus (4% 10 5%-in. lcng). This
pnasibility is cuggested by results of experiment 9 (Table 8);

the large M. gephalus in each container of unfiltered G. brevis
culture, without exception, died befcre any of the three
sccompanying small M. cephalus, In some cases the first small
mullet died within 3 to 5 minutes after the large mullet; in
other cases the first small mullet died 20 to 70 minutes later.
The F. grandis chowed about the same degree of sensitivity as

M. cephalys---minimum "death time" 9 minutes, maximum “death time"
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It is our opinion, however, that the over-~all
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2 hours and 10 minutes. The Mollienigia latipinna died in =
minimum of 47 minutes and & maximum of 85 minutes, C. variegaiug
is probably the least sensitive of the six species tested. Tho
minimum "death time" was about 2-1/3 hours, the maximum was 32

hours. The sensitivity of F, gimilis is possiblx comparable o
that of U. variegatus. Two F. similisz died in-72 and 10 to 19
hours, | - | R |

A chromogenic bacterium, Flavobacterium piscicida, has beeon
suggested as a possible canse of the mass fisgh kills znd zcesociated
sea water discolorations occurring along the west coast of Florids
(Bein, 1954). Bein found that this bacterium wes toxic to saveral
species of fish although he did not indicate the bacterial concen-
trations employed. In our tests Mugil cephalus were not affected
by initial concentrations of 2 million or more F, piscicida per ml,
Contrary to Bein's experience, F. pisecicida apparently did not grow
in our experiment and possibly lived only a short time after being
addéd to the test medium (sea water), We could scarcely detect this
bacterium at the end of the 5-day test periocd. A "red bacterium®
which we isolated from G, brevis-infested water off the west coast
of Florida appears to be toxic to fish. Concentrations of the order
of 0.5 %o 2 million bacteria per ml were toxic to Fundulus similis.
The "red bacterium" has not been encountered in an sbundance 1o
implicate it as a fish-killing agent. Thus far, neither the
associatlon of chromogenic bacteria with extensive fish kills nor
the natural existence of toxiec concentrations of such bacteriz has
been established. 1In the case of Gymnodinium brevis both of these
conditions have been well established, B | -

SUMMARY AND CONCLUSIONS

1. Since 1947 "blooms" of the dinoflagellate, Gymnodinium brevig,
have been associated with sporadic mass mortalities of marine animels
and discolored water in the Gulf of Mexico, FExtensive laporatory
studies conducted with unialgal and bacteria-free cultures as well
a5 related bacterial studies offer overwhelming evidence that
"plooms" of this organism are the direct cause of the sssoclated
mortalities.

<. Bacteria-free cultures of ¢, brevis with concentrsticns

- varying from 2,3 t0 4.8 million organizms or liter were toxic o

- three species of test fish.

v kel .

Five species of fish were killed when
Subjected to unialgal G. brevis cultures containing 0.6 to 2.1
million organisms per liter. The numbers of G.brevis in areas of
natural fish kills often greatly exceed these toxic latoratory
concensrations.
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3, Bacteria apparently do not produce or directly contribute to

es.
the production of the toxic substance present in G. bziziinigigzi S
- Baéteria-frea cultures were Jjust as toxic to fish as

L. The toxicity of,g..brevis does not depenitnnazhzyygiiigzzrzf
I ‘ the organisms from culiur
1iving organisms. Removing ; : Dy
tie heat did not appe '
filtration or killing them with gen b did ot e G, Drevis
tcity. The high dissolved OXygen © &
Eﬁitziz; eliﬁinates oxygen deficiency as the cause of toxicity

f

5. The toxic substance produced by G. brevis reai?%y'giii2§ through
a millipare membrane, but for the most part is retainea by

paper.

| ¢. &tudies with bacteria-free and inialgal cultﬂ:&iitggénate
that tﬂa six species of test fish gri diifirggzigiigeiezg by asing

. previs cultures. The test fish, ste vy
zZﬁ%itivity, were: Membras vagga?s{'mggil ceghalgﬁédiﬁgizi?z Eius. R
Mollienisia latipinna, Fundulug similis, and T
MOLiienlota Funduius 512 2o Cyprinodon varlefatus

7. Some chromogenic bacteria 1solated from the Gulf ;g;gﬁ:;co
or adjéining bays'are toxic to fish in labn?atcry tes?ﬁ.the it Ef
an association of such bacteria withwmags ilﬂhu;?lizciﬁida O ey
] not been established., Flavopac eri | 12, 5
:ﬁiiizﬂtgaie toxic 1o several species of fish in undetermined concen

ugi D initial concentration
t toxic to Mugil ce€ halus at an _ n
zia:izﬁi'éwizlgiﬂn per ml. A "red bacterium” -isolated from G. brevis

infested waters appears 1O be toxic ti f%shiatiﬁ;ﬁ:ﬁgtiizizzzniguigig
5 o0 2 million per ml. This hacter :
ziﬁezuiieg'Zince only two colonies Were obtained from 15 samples of

1.0 ml each..

:
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